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ABSTRACT OF E S S IS .
Investiga tions c f £~m©thcsybans|jdroi { B&lfe'* 'Doughty » ICenyon and 
Popleii t ' J*G#S# 1342 ' » ■ 605; ) showed th a t  e s te rs  of th is  carbine 1 '
tm&erg© hydro lysis mainly by the alkyl-*© xygon fission.m echanists * XM© 
le d  to  the  .b e lie f  th a t the  ihi©~m©thyl group woul*k&v© a sim ila r e ffe c t _ ■ 
to  th a t  o f ih© methoxyX group in  modifying th e  r e a c t iv i ty  of the  
beashy&ryl molecule* •;• -Shis expectation ha© been fu lly  re a lis e d  in  
thi©ar4/»y.lph©nyX ©arbinbl and i t s  esters*.;.. . - j
. . Accordingly. * t  h ioan ib j I p h m y l  carb inol has; bean prepared and reso lved  
through i t s  hydrogen pkthaXi© ester, by, means o f Quinine, Reactions ©f . . 
.'th is .earMnol.'and. i t s  .esters'-appear to  b e .p a ra lle l  with those of g~methoxy* 
benahydrol# Acid hydrolysis of the. (-^hydrogen p h th a lic  e s te r  o f th is  - 
earbinol. proceeds by the  aUfyl-’Oxygea fission-mechanism with production 
o f the  o p tic a lly  in ac tiv e  carbinol |  a  mechanism fo r  th i s  type o t  acid  J 
hydro lysis-is-postu lated* .- -
'-v(">)«'thioiBndMtyiphe^l^8rbinol and i t s  (~)~hydrog©n phth&lic e s te r  
-undergo smooth oxidation with hydrogen peroxide to  y ie ld  the  ( \ ) ~E**methyl® 
sulphonylbenshydrol and i t s  (fj-hydrogea phth a l io ,e s te r  respectively*  the  
electrom eric displacem ent'in-the. ^m-ethylaulphonyi .group i s  expected to  
take p lace  In  a  d irec tio n  opposite to th a t  in  th e  iliio an isy l group , thus ,
and t therefor® 9 hydrolysis o f e s te rs  o f gymethylsu^phonylbenzhydrel
would b© expeeted to  proceed by the  acyl-cxyg©a f is s io n  asehanigm .  lh a t  
th is  i s  ac tu a lly  the  cap© * i s  harm  out ..by th e  'experimental. evideno® 
recorded in  .th is thesis*  ...
. Investiga tions by Kenyon jst-SSL'.-.t «3VC.S. ■/. 194© ■; » 60S • } on th#  ■ •
/.e s te rs  of aa i syl*^&aphthylesrbi&61 $ showed th a t  these  behave in  a  manner 
v«ry much s im ila r to  th a t o f ©store of £«-mathQxyb§nz!iydrol |  a  fa c t  ■ 
■undoubtedly 'a ttr ib u te d  to. th e  prison©© of the.-aaisy l group.; -In th e  case o f 
phenyl^^riaphtHylc&rbifeol w© found th e  a s te rs  o f th is ,  earb iao l undergo '•;-/ 
various reac tio n s mainly by the-aeyl-bxygen f is s io n  mechanism l a  a  manner i 
.s im ila r to  th a t  undergone by the  e s te rs  o f benzhydrol* Hi ©ref ore * .the '■ 
presence o f . the'm ethoxyl group appears to  modify the  re a c t iv i ty  9 to  a 
g rea t extent » of 'the benshydryl or th e  pheayl^-n& phthylearbinyl groups.
Hie. work described in  th is  th esis  m s . carried cut in  the 
Research Laboratories o f Battersea Polytechnic » 'London* .. 
Hie author wishes, to express h is  thanks to Br.J.Kenyoa , 
F«R*S. for h is  Inestimable guidance and help » and to 
Br#M*P»B&l£e fo r ,h is  advice and encouragement* . .
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1HTDEOLYSIS OF CABBOXTLIO 1STIRS
The hydro lysis of o&rboxylie o s ie rs  may ho form ulated i a  e ith e r  of
two ways I ■
fo r  ih ich  th e  convenient terms acyl-oxygoa f is s io n  and alkyl-oxygen f is s im
wore introduced hy ©ay and lagold  ( 1  ) * This question m s  f i r s t  ra ise d  
and die sussed fcy van* t  Hoff ( 2 ) who suggested th a t  hydro lysis proceeds 
hy mechanism ( A )  *
In  th e  g rea t m ajority  of cases > mechanism ( A ) i s  opera tive  as 
th e  follow ing experimental r e s u l ts  shew *•
a_l Tii® carboxylic e s te rs  o f o p tic a lly  ac tiv e  sa tu ra ted  alcohols on
hydro lysis y ie ld  th e  o p tic a lly  pure alcohols* Alkyl-oxygen f is s io n
©
im plies th e  tra n s ito ry  existence of Rtf » vhleh would assume & p lanar 
configuration  and re s u l t  in  th e  production of th e  a lsoho l in  i t s  dl» 
form ( 3 ) ♦ I t  m s  shown hy HoJmherg { 4 } th a t  hydro lysis of 
1-aeetylm alic acid  hy both acids and a lk a lis  y ie ld s  th e  O ptica lly  pure 
acid |  and hy Olson and M ille r ( 5 ) th a t  hydro lysis Of th e  o p tic a lly  
ac tiv e  /3 »hrom@hutyric acid  r e s u l ts  in  th e  form ation Of th e  o p tic a lly  
ac tiv e  ft <-feuhyrolact©ne without change in  sign*
b ), Each i f  th e  two isom eric e s te r  i
c ro ty l ace ta te  Me*CE«GH-CH i^OAc » and m ethy la lly l ace ta te
2-4- ----------- >.DA@
on hydro lysis with aqueous' a lk a lis  ( 6 } ©r acids ( 7 ) y i« lds i t#  own 
alcohol umidxed with th e  o ther alcohol* Had mechanism ( B ) been involved 
each ©star would hve given a mixture o f the  two alcohols $ since both
7e©uid give iris©.io’.,the.earn© aeeomerie p o s itiv e  le a  "7
0  . .... 77:"
, : M©*£H-GH-CHg * • 77'v v,\,. <■> :.,V
I t  i s  in ter© stigg  to  not© ( $ ) th a t  cr©$yl a lcohol andK -meihyX&llyl • 
alcohol » on © storific& tica with a ce tic  acid  # each gives i t s  own e ste r  
exclusively# - ■
c_) I t  has keen shown hy Ihitmor© and co-workers ( 9 ) th a t  attem pts a t  
replacement o f  th e  -OH group of neopentyl alcohol $ He^G.GHgGH * by a  
halogen atom leads to  rearranged products with form ation of t e r t i a r y  amyl 
h a lid e  and d e f in e s  » and th a t  hydro lysis ©f re© -pentyl h a lid es  y ie ld s  
tervamyl a lcoho l along with unsaturatedd compounds*. I t  can * therefor©  » 
be assumed th a t  hydro lysis o f  tem- e s te rs  o f neo-pentyl a lcohol # i f  
mechanisrn ( B ) were opera tive  » would lead  to  rearranged products .  Hi a t  
th i s  i s  not th e  ease * m s  shown by Quayle and Norton ( 10 ) who observed 
th a t  B|o-p©ntyl alcohol underwent smooth e s te r i f ic a t io n  with ace tic  a s id  
and eh lo ro -ace tic  acids * and th a t  hydro lysis of th e  re s u ltin g  e s te rs  y ie ld  
y ielded  neo-penty l a lcohol without any iv ideace of rearrangem ent..
d ) Jtemornly s is  o f carboxylic e s te rs  may prodted by e ith e r  of two ways i
(  i  )  E .C O -O K
V
Therefore # i f  mm hmitm  ( i i  } f involving alky-oxygen f is s io n  9 were 
operative  » th©. sain® and acid  w u lC  'fes prodncsi » t^iere&s mechanism { i  ) 
would lead  to  th e  formation of th e  amid# and the  alcohol* I t  has been 
shown ( 11 ) th a t  aamonolysis o f n-» iso* - » and t e r t -butyla© etate with 
a lcoholic  ammonia y ie ld s  th e  amide and th e  corresponding alcohol f and hy 
B etts and Hammett ( 12 ) th a t  th e  in fluence  o f th e  s tru c tu re  of th e  acy l 
group on th e  r a te  of ©menolysis Of phonylacetic e s te rs  in  methanol so lu tion  
i s  c lo sely  p a ra l le l  to  mechanism ( i  j  hu t shows no re la tio n  to  th a t  in  th e  
reac tion  ;1,
R » C Q * G fM e +  ' *  H .C O O * +  . . M e ^ : . ;
e ) fhe most eonclusiv© demonstration in  favour of acyl*cxyg©n f is s io n
was given hy Polanyi and Ss&b© ( 13 ) « lh©y hydrolysed amyl a ce ta te  with
sodium hydroxide dissolved in  water containing an increased  proportion o f  
10 "th e  iso tope  0 § and shewed th a t  th e  re su ltin g  a lcoho l contained th e  normal
’ 18
proportion o f 0  *
GSH11 °’0C*CH3
’ : V' V. . :
' ' ■' ' ■ > ■I' r ■
They a ls o ' shewed, th a t  When' amyl alcohol m i  subjected to  prolonged 
treatm ent with a  concentrated so lu tio n  o f cau stic  soda in  heawy-oxygea ■ 
water a t  70°C » i t  d id not exchange i t s  hydroxyl group with th a t  ©f th e  
water*
H ydrolysis ©f methyl hydrogensuccinate  ( 14 } in  acid  aqueous medium »
ISenriched with 0 § y ie ld s  methyl a lcohol containing only th e  normal
. i sproportion ©f C *
la  a work complementary to  th a t  discussed above » Roberts and Urey ( IS )
ISe s te r if ie d  methyl alcohol » containing an increased concentration of 0 ,
with benzoic acid  * using hydrochloric acid  as th e  c a ta ly s t f th e  water 
re su ltin g  from th e  reac tio n  was shewn to  have ordinary iec to p ic  composition 
and th a t  i t s  oxygen o rig ina ted  e n tire ly  from the  benzoic acid*
; Further evidence in  favour of acyl-oxyg@a f is s io n  has not been lacking. 
R e i d £ 16 ) has shown th a t  the  reac tio n  between benzoic acid  and mercaptan 
i s  rev e rs ib le  I
0 ^ 0 ( 1 ;  + h- s#c2hs ' ; ; '  o$h5*co*s*c^ s ♦ H-CH
and recen tly  by Iskander ( 17 ) th a t  a lk a lin e  or acid  hydro lysis of 
*c*benzoyI-benzhydryl thicbenzoate y ie ld s  benzoic acid  and th e  corresponding 
th io l  i ...m,
■ Fh*C0-SG(Fh) *OG*Ph ' ;
 ------  ~> Fh*CO*GH * .
H0!*H v . ; * .
4^ • • •- . ■
Nevertheless » alkyl-oxygen f is s io n  £ process B ) occurs more 
commonly than has been re a lise d  when th e  group R* has e lec tro n -re lea sin g  
p ro p erties  § and the  a tte n tio n  of Kenyon and co-workers was dr^isi to  th is  
subject during the  p reparation  of some o p tic a lly  a c tiv e  ^ Y -d isu b stiiu ted  
a l ly l  alcohols*
A convenient method ©f reso lv ing  sec* alcohols in to  th e i r
o p tic a lly  a c tiv e  components i s  th e  f ra c tio n a l  c ry s ta l l is a t io n  o f 
a lk a lo id a l s a l t s  o f th e i r  hydrogen p h th a lic  ( o r succin ic  ) e s te rs  
followed by hydro lysis Of th e  re su ltin g  d- o r 1- acid  ester*
In  th e  ease of sa tu ra ted  a lip h a tic  alcohols , th e re  i s  m  evidence 
i^iatever of the  occurrence ©f any racemisation during the hydro lysis hy 
e ith e r  concentrated or d ilu te  aqueous a lk a li  # s ine©the  reformed e s te rs  
possess th e i r  .© riginal r i ta to ry ;  powers*; la  th e  case o f su b s titu ted  a l l y l ' 
alcohols * however » as a r e s u l t  of th e  .in v es tig a tio n s  of Burton and
■; 1 : ; 6 1 V,
Inge Id ( 1 3  ) and Provost ( S ) 9 i t  i s  how; accepted ..that reversib le
isom eric change in  systems ©f’the  type '::\
E,C H X -C H SG H H « ZZZZZZZZZS  V B ,  CH SCH -O H X IL 
involves an Interm ediate mesom&ri© ion
■'  ■ C H E ^ C H -C H B g
I t  i s  > therefor®  » to  he expected th a t  hydro lysis o f e s te rs  of 
o p tic a lly  a c tiv e  su b s titu ted  a l l y l  alcohols would y ie ld  raeemic and # 
under c e rta in  favourable conditions # isom eric products according to  th e  
following scheme } where X •  OAc i
•» C H -C H -G H
Kenyon and co-workers ( 19 ) have demonstrated th a t  shea ( + ) Y-dimethfl
ally!.hydrogen phthal&t© i s  hydrolysed using an excess of 5 H cau stic  f
soda § , th# lib©rat©d ^ y -d im # th y la lly l. a lcohol i s  almost o p tic a lly  purs ♦ 
sines t h i s . when rscoaverted to  i t s , hydrogen phthali© , e s t e r » gibes an 
almost fu l ly  aetib® product * On the  o ther hand * wh en d i lu te  a lk a l i  » in  
s lig h t  excess |  i s  us@d th® alcohol Is . obtained in  a  h ighly  r&c©mis#d 
form, I t  ©©©ms lik e ly  § -> therefor© - » th a t  mechanism: ( ; i s  opera tive  in  ,, s , «l
©oncsntratsd hlkm lins so lu tion  * hut th a t  mech&nisia (  B ) comes increasing ly  1;j 
in to  play as th e  a lk a lin e  so lu tion  becomes more and'more d ilu te e  - Since 
th e  postu la ted  p o s itiv e ly  charged ra d ic a l "■
i s  symmetrical » th e  same racemic chemical in d iv id u a l i s  obtained A e th e r  ~ 
the  fOH group becomes attached to  th e  or y»earboa atom, I t  has a lso  
been shown by th e  same in v es tig a to rs  th a t  th e  hydrogen p h th a lie  ©stes or 
(+) —cy»dim ethylallyl alcohol re a c ts  with, formic acid  9 a c e tic  acid  » j
methanol 9 n^buiyl alcohol and benzyl alcohol y ie ld ing  th e  corresponding 
o p tic a lly  in a c tiv e  formate » a ce ta te  » methyl or a -b p iy ! and benzyl e th e r $ 
and th a t  when these  reac tions are  stopped before completion » th e  recovered 
hydrogen p h th a lie  e s te r  i s  found to  b© extensibely  racem ised,
■ ■ HSfoea # however $ th e  di«*substitut@d a l ly l  alcohol molecule i s  not 
symmetrical » as in  ^-ph©nyl-y**ia©thylallyl alcohol # a second p o s s ib i l i ty  
a r is e s  -  and when th e  (t)-hydrogen p h th a lie  e s te r  of th i s  a lcohol i s  -- 
hydrolysed by d ilu ted  aqueous a lk a li  , th e  product i s  th e  h igh ly  racomisod 
form of th e  isom eric <<••methyl- y-phenylally l alcohol ( 20 )•  This seems to  
indicat©  th a t  th® m©someric p o s itiv e  ra d ic a l becomes k in e tic a lly  free  a t  
some stag© o f th© reac tio n  *
(+)
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On th e  e th e r  hand § then hydro lysis i s  ca rried  out with a lcoho lic  a lk a li  > 
the  e s te r  in  question y ie ld s  i t s  own © piixailyxa a lcohol exclusively  and 
in  an o p tic a lly  pure s ta te .
y -lheny l-* -m ethy la lly l alcohol i s  S tru c tu ra lly  more s ta b le  than the  
isom eric alcohol , and whom i t s  o p tic a lly  ac tiv e  hydrogen p h th a lie  e s te r  i s  
hydrolysed hy d i lu te  aqueous a lk a li  # th e  tmieomerlsed alcohol i s  obtained 
in  an almost o p tic a lly  inaetife© condition ( 21 ) *
Perhaps th e  most in te re s tin g  and novel example /©.f alkyl-oxygen 
f is s io n  i s  th e  formation of n e u tra l e s te rs  from th e  hydrogen p h th a lie  
e s te rs  of c e rta in  carbinol© * The mode of form ation of th e  n e u tra l e s te r  
proceeds by th e  unimolecul&r mechanism and i s  promoted by th e  e lec tro n - 
re le a se  in  th e  carb lny l ra d ic a l $ io n is in g  e ffe c t of th e  so lvent * and 
removal of th e  n e u tra l e s te r  as an in so lu b le  pro duct« Kenyon and 
co-workers ( 22 ) observed th i s  to  fee p a r t ic u la r ly  th e  case in  th e  
hydro lysis * in  weak a lk a li  » o f th e  hydrogen phthalate© o r succinates of 
earfeinols containing alkoxy groups which have high e le c tro n -re lea s in g  
properties*  Thus , vii&n th e  hydrogen p h th a lie  e s te r  o f (*)-£-m©thoxy- 
feenzhydrol i s  hydrolysed with 0*3 H caustic  soda » th e  e s te r  ionise© 
y ie ld ing  raees&sed £-m©thoxyfe@nshydryl ca tion  and p-methoxyfeenshy&ryl 
ph tha la te  anion which ©ombinea with th e  former ca tio n  to  form di-ji- 
metboxyfeeiizhydryl p h th a la te  o r th e  n e u tra l e s te r  » which on hydro lysis with
alcoholic  caustic  soda 'y ie ld s th© carb ino l with h a lf  i t a  maximum ro ta to ry
power $ :,■ :... ,a t ; v ,. v 'v/-%v:- ^  vA-
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lh®n th is  reac tion  i s  allowed to  proceed in  a  so lu tion-contain ing ' excess 
( : § iaolf , )- of sodium ph tha la te  » th© dl** n eu tra l e s te r  i s  p re c ip ita te d  « l a  . 
th is  ease i t -  s©©ms probable th a t 'both'-'groups R presen t in  th© n e u tra l .
©si®r hare  been produced by alkyl-oxygen f is s io n  ©f th© o rig in a l (H *  
hydrogen ph thalie  e s te r  » and i t  may fes postu la ted  th a t  th e '-lib e ra ted  
cations rea c t with th® p h th a lie  iamaio ions to  y ie ld  th© racea ic  hydrogen 
ph thalie  e s te r  » which in  tu rn  slowly forms th© dl-a® utral ©©ter which on 
hydrolysis y ie ld s  th© d l-ca rb in o l i
a COoiaCt) /^ -GOOHa /rCOOR(il)  ^ /VCOOR(dl) H.OH x dl-RCH
GOOHa 4^CGGHa" * U-COQSa * U;C00R(dl)
Along with th© n eu tra l e s te r  th e re  i s  produced a w@ry small proportion of 
almost racemic alcohol presumably by th© in te ra c tio n  of £**ms^ioxybenshydryl 
cations id  th  hydroxyl ions or water molecules of the- solvent
@ " r " : '
. e  + ~m  -------< t . . . .  . . . . . . .
Support fo r  th is  view i s  found in  th® racem isation undergone by (+-)-£■* 
methoxyb©nsbydro1 in  aqueous so lu tion  a t 1GC°C $ when th® ro ta to ry  power 
f e l l  from +17*4® to  0® in  SO hours* llo chemical decomposition had 
occurred sine© th® recowered m ateria l carb ino l melted sliarply a t  66°C*
% .
Sine© th is  n e u tra l ©star i s  a'Viscous. liq u id  #;'&nd th©r©f©r® d i f f i c u l t  
i© -obtain .in  a h ighly  p u r if ie d  condition , ©xp©rim©nis wer •  c a rried  out - - 
with alcohols of h igher molecular, weight in  th© hop# of obtain ing a  n eu tra l 
ph tha lie  ©star # iich  would fee c ry s ta llin e*  This was euec©g§ful in  th# 
case o f auigyl-^-naphthylcarhinol i
0 6  ■ -
and resu lt a p a ra lle l;  to  those; Just ■ described war© obtained* ■ I t  van" also >; \
found th a t th© o p tic a lly  ac tiv e  hydrogen succin ic  e s te r  of th#  Sam# 
alcohol behaves in  an analogous way in  y ie ld ing  a  c ry s ta l l in e  h a lf  
: racomisod n eu tra l succin ic  ’ e s te r  ( S3 ) f  ; and i t was s im ila r ly ' observed ' 
th a t  in  C » 3 |  caustic  go da 9 a t room tem perature*  th# hydrogen p h th a lie  - 
©sters^f anigylm ethylcarbinol ,  £»m©th03£y-^,»m@thyl'b®nshydr©l # n~m©th©xy« | 
£-*iBopropylbmzhydro 1 * and e*msihojyph#nyl*4«napkthylc&rbinol y ie ld  
th#  respec tive  n e u tra l p h th a lie  e s te rs  ( H4 )•
That n e u tra l e s te r s  can be obtained in  o ther than a lk a lin e  media $
has been demonstrated by B&lfe « Svans and Kenyon (M 3  )wh@n they prepared
the  n eu tra l p h th a lie  e s te r  o f an igy l-^-naphthylearb inol by heating  th e  kyd - 
hydrogen p h th a lie  e s te r  of th e  l a t t e r  in  chloroform solution* The mechanism 
of th is  reac tio n  i s  e sse n tia lly  th e  same as th a t described above* The 
ph thalie  acid  which i s  formed. $ being in so lu b le  in  chloroform » i s  
p rec ip ita te d  » and th i s  favours th e  course of th e  reaction* .
s tru c tu ra l  s im ila r ity  between the  •COOH and -SGOH 
groups suggests th a t alkyl~oxyg@n f is s io n  may be expected to occur in  ■
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sulphlnio ©stars 'of  carM n0 l s ;-with e lec tro n -re leasin g  groups, TShea th e  
hydrogen p h th a lie  ©siers ©£ the  o p tic a lly  ac tiv e  jMethoxyfeanshydrol and 
ani syl-^-n&p&thylcarbinol reac t with. godium ja-toluenesulphinate in  aqueous 
a lk a lin e  medium » th e  corresponding dl-eulphon® separate# rap id ly  from •
so lu tion  ( 22 » 23 ) * :
'• *
'* ■ " > ’ ?
O c X ^  ♦ C7H7.S00Ka ~ +  C7H7 -  S -E (dl)
v-'-'v ■ ■> v ' '' ' " ' o
It. m s  f i r s t ,  observed by Kenyon and Phillip®. ( 26 } th a t  1-pheayl- ■ 
m«thy lc&rbl&yl"»£a‘t  ©lu©negulphinat@ { liq u id  ) changes spontaneously in to  
th e  c ry s ta l lin e  o p tic a lly  inactib® £ -to  Xyl«ph©nylmothylcarbinylsulphosae I
i -  ■ V -.V' . i J r  ■ ,
A rearrangement shich i s  f a c i l i ta te d  by formic acid  ( -27. )  § and when th e
1-su lph inate  re a c ts  with ace tic  acid  » i t  forms the  d l-aceta te*  th e re fo re  $ 
th e  reac tio n s mentioned above in d ic a te  th a t  under acid  conditions * the  
su lphinate seems to  undergo both isomerism and replacem ent/reactions : 
catalysed  by hydrogen ie n s . On th e  o ther hand » th e  l-su lp h in ic  e s te r  
undergoes alcoholysis in  ethanol and potassium carbonate with complete 
re te n tio n  ©f configuration* I t  * t he r e fo r e #  appaara th a t  e s te rs  ©f 
phenylmethylcarbinol do not undergo alkyl-oxygen f is s io n  readily*
Such » however#is not th e  case with e s te rs  of su b s titu ted  benshydrols 
with strong e lec tro n -re leasin g  groups*
XX
• llaat sulphe&es can be produced by th© in te ra c tio n  of eecohdary alcohols 
sdth""aromatic, eulphinic m±u%M acids, » was f i r s t  recorded by Hineberg ( 28 ) 
who observed' th a t bonzhydrcl o r M ichler*s hydro! condense with. benzene** 
sulphinic  acid  or^-anthraquinonosulph in ic  acid  to  form th e  resp ec tiv e  ■ 
fiulphd&e* :
v- Kenyon' and co-workers ( 22-25 ) prepared £»tolylsulphoa®s o f many . 
secondary alcohols by th© following methods s
a ) By the  in te ra c tio n  o f ih© carbinyl hydrogen p h th a lie  a s te r  with . 
£^tclu©n@sulphinic acid  .in  an a lk a lin e  medium*' ■"
b ) By th e  in te ra c tio n  of the  carb inyl ch loride with sodium £-t©lu@ne~ 
gulphinat® in  aqueous acetone, . ' :
© ) By heating  th e  carb inyl hydrogen ph tha lie  esteu  with £ -to luene- 
sulphinic  acid  in  dry chloroform,
d ) By the  in te ra c tio n  of the  carb iny l hydrogen p h th a lie  e s te r  t i t h  
sodium £*i©luenesulphinat© in  hot formic acid* ■
e ) By th e  in te ra c tio n  of the  carb ino l ©r i t s  a ce ta te  with sodium 
S^teXuenesulphinate in  hot aqueous alcohol*
Tnese methods have been used in  th e  p reparation  of th e  sulphones of 
the  following earb ino ls arranged according to  th e i r  e lec tro n -re lea s in g  
p ro p e rtie s  and th e  readiness with sfoich they form th e  sulphone *
d ian isy lca rb in o l^  o-£-<Ii®#th©xyb©n«hydrol}  £-in#th0 xy~£ ‘-isop ropy l- 
benzhydrol^ g-methoxyben shydro 1 }  ani syl-K-naphthylcarbino 1)> £-phm&zym 
benzhydrol^ e t h y l a n i s y l c a r b i n o l a n i s y l  alcohol y  jj-dimethylsmino- 
benzhydr©l^> benzhydrol phenylisethylcarbinol*
I t  was thus ©bserved th a t  the  carb ino ls with strong e lec tro n -
e ,
re leas in g  groups » and whose e s te rs  undergo alkyl-oxygea f is s io n  re a d ily  $
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£©rm the  sulphone by methods ( a  } and ( b } rap id ly  and . quantitatively*-
"Another in te r e s t in g  example of a lky l-exygea .f is s io n  has recen tly  been' 
demonstrated by., the  work, of ...Cohen and. $chn@id©?X 29 ) -*; They ■ suggested 
th a t the  reac tion  between a c&rbexylie e s te r  and m  a lcohol may proceed 
by e i th e r  of two .ways *
' R.GO I  OB* f  H -Q&V; r«CQ -0R,# + . H-GRV, ( i. )
v
R*C00 R* h + H -OR*V 1.C00 «H t  'R ,f£Ht f# ( i i  )
v .;. x
and t therefor© » these  two mechanisms' a re  p a ra l le l  t© those of mechanisms . 
( A } and ( B ) ♦ They observed th a t when t e r t ebu ty l e s te rs  ©f a c e tic  or 
2}4»6 ,•trim ethylbenzois acids re a c t with methanol * t a r t .b u ty l methyl e ther 
and the  corresponding acid a re  formed f a  reac tio n  » which m s  shown tab®* 
to  be catalysed  by acids • On th e  ©thbr hand » t e x t*butyl benzoate in  moth 
methanol and sodium methexide re s u l ts  in  th e  formationn e f  te r t^ b u ty l  
alcohol and not th e  ether* I t  was * -'therefor© » concluded th a t  th e  
uncatalysed and acid 'catalysed a lcoho lysis of t e r t *butyl e s te rs  proceed 
by mechanism ( i i  ) ih ich  involves alkyl-oxygen fission*
Mechanism ( i i  } i s  unimoleoular and req u ire s  th e  separation  of 
R* as a p o s itiv e  ibn a t  one stage of th e  reac tio n  > and when R# i s  
asymmetric a t the  po in t of attachment » the  d l-e th e r  i s  produced* That 
th is  i s  ac tu a lly  th e  case » was demonstrated by Kenyon and co-workers 
( 22 § 23 » 24 # 25 ) » Ihey observed th a t  th® hydrogen p h th a lie  and 
succinic e s te rs  § and th e  n e u tra l p h th a lie  e s te rs  of o p tic a lly  a c tiv e  
ji-methoxybenshydro 1 and anisy-^-naphthylcarbinol rea c t rea d ily  with dry 
o r aqueous methanol y ie ld ing  th e  dl-m ethyl e ther |  ih ereas » e s te rs  of
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'tni/chcarb ino ls » which react^by &lhyl~oxyg®n f is s io n  * show- no reac tio n  with 
dry methanol $ hut when aqueous methanol i s  used#the methyl e th e r i s  
produced* Thus the  hydrogen ph tha lie  e s te r  Of ^ t ) • (*-naphthy lmethy lcarb ino  1 
shows no reac tion  with dry methanol » hut with aqueous methol i t  fe rn s th e  
dl-m ethyl ether* On th e  o ther hand , ester* o f ( 4}-phenylm ethicarbinol > 
which reac t mainly hy m e<^iism  ( A ) $ show no rea c tio n  with anhydrous o r 
aqueous methanol*
Th&t carh ino ls » and not only th e i r  e s te rs  # can form e thers hy th e i r  |  
in te ra c tio n  with alcohols » has heen demonstrated in  many cases j  th e  
reaction  appears to  he favoured hy acid  ca ta ly sis*  I t  shown hy N orris 
and Rigby ( 30 ) th a t  te r t ia ry h u ty l  alcohol i s  converted in to  th e  e thy l
e ther hy means o f 15 % su lphuric acid  in  excess ethanol } but under these
conditions > th e  reac tio n s a re  much slower i f  secondary alcohols a re  used 
in stead  of ethanol. I t  was also  observed by H att { 31 ) th a t  tr ip h e n y l 
carb inol i s  unaffected hy dry b o ilin g  methanol * whereas the  presence o f  j 
hydrogen ch loride brings about th e  form ation of th e  methyl e th e r . In  th e  
case of su b s titu ted  henzhydrols # th e  presence of acids i s  not essen tia l*
Thus /  j»«msthoxybsnzhydrel and j^dimethylaminobenzhydrol form th e  1
corresponding methyl e thers when heated with an excess of methanol fo r  
few minutes ( 24 }*
M other in te re s tin g  reac tio n  th a t  some carh ino ls undergo $ in  hot 
aqueous so lu tion  jpt hy th e  ac tion  of hea t » i s  th e  form ation of d i-e thers*
This reac tio n  may he formulated as follows t
R-GH * H-CH — R. OR,  + H-GB
Support fo r th i s  view has been provided fey Stolbe and 2©it®chell ( 32 )
Wno observed th a t  when feenshydrol i s  heated with a la rg e  volume of water 
fo r four days # i s  p a r tly  converted in to  di-feenshydryl ether# th e re fo re  # 
the  formation of th e  d i-e th e r  under these  conditions , n ecessa rily  
p o stu la tes  th e  io n isa tio n  of th e  carb ino l in to  R and -OH ions » and hence 
the  p o s s ib il i ty  a r is e s  th a t  th e  carb ino l may interchange i t s  hydroxyl ion  
with th a t  of th e  water# th a t th is  i s  a c tu a lly  the*, case » has
been demonstrated fey Kenyon #t a l  ( 22 ) iho showed th a t  idien (t)-feenzhydrol 
i s  heated with water a t 9 0®G fo r  30 hours $ th e  d l-ca rb in o l i s  produced with 
no tra c e  of th e  d i-ether#  On th e  o ther hand » shea an e th e rea l so lu tion  
p-methoxyfeenshydryl ch loride  i s  shaken with water , th e  carb ino l together 
with d i-e th e r  a re  produced# In th e  l a t t e s  case > th e  form ation o f the  
' forrcntl ran■■e f 1’ t l i^  d i-e th e r  may have fewen occurred fey th e  in te ra c tio n  of th e  
chloride  and th e  carb ino l ( formed fey th e  p a r t i a l  hydro lysis of th e  
chloride ) V thus t
, RQ-H ...... t ' . R-Cl —— R#0R * HCl
A sim ila r reac tion  was f i r s t  recorded by F ried e l and Balschn ( 33 ) who 
observed th a t  when feenzhydryl bromide i s  heated with an excess o f water » 
benzhydrol together with some di-feenshydr^l e ther a re  formed#
That d i-e th e rs  can fee produced fey th e  a c t i i a  of heat on carhinols# 
was f i r s t  demonstrated by Mohlau and Heinze ( 34 ) Who observed th a t  #ien 
Michler*s hydrol i s  heated a t 1C5°C » i t  i s  converted in to  i t s  d i-ether#  
L ater on $ Kenyon end co-workers ( ^ 2  » 23 and 24 ) shewed th is  to  fee 
generally  th e  case with most su b s titu ted  benzhydrols ; they observed th a t  
each of th e  residues from th e  d i s t i l l a t i o n  of £-methoxyfeenzhydrol »
anieylm ethylcarbinol » £-methoxy-|># -meihylbenzhydrol » j»-methoxy-j|*« 
isopropylb©nzhydro 1 # and £-m©thoxypheny l«**~naphthylcarbino 1 y ie ld  th e  
respec tive  4i-eth© r | a n d  eh m  j^m eihcxy-^^m ethylbeazhydrol $ , £-m@thoxy~ 
g^isopropylfeeazhydrol # and ai&syl«<-naphthylcarfeiu©l heated a t  140° Jg
u n t i l  no more water evolved ( 10 -  25 mins*. } $ each y ie ld s  i t s  d i-ether*
In  th e  case ©f e -ch lero - and £ -dimethylaminobm shydro 1 # however $ no |!
d i*ether i s  produced under these  conditions*-
■-.' ■ Another in te re s tin g  fea tu re  of su b s titu ted  benshydrol© and th e i r  ■- 
e s te rs  » i s  the  ease with which they re a c t with phenol and £-thiocres§ol to  
to  form phenyl e thers and £-thi@ cresyl e th e rs  respectively#  Ifeen th e  
hydrogen ph tha lie  e s te r  of £-m ethoxyfeenzhydro 1 o r o f  an isy l-^-naphthyl 
dorbinol i s  heat#d with phenol in  chloroform so lu tion  # th e  corresponding 
phenyl ether i s  produced* Ih© ihio-© there o f £-methoxybenzhydro 1 $ 
£-dim®ihylaiain©feeashydr©l > 3#4f-dimethoxybeazhydr©l and of anieylm ethy l 
carbinol can be obtained i a  ) fey th e  ac tion  of £-thi©cr©sol ©» th e  
hydrogen ph tha lie  eeiwr in  a lk a lin e  so lu tion  j fe) by heating  £ -th iccres© l 
with th e  carb iny l hydrogen phthaH© e s te r  in  chloroform so lu tion  j and 
c ) by heating  £~ th iocreso l with th e  carb ino l in  ©hlorofcrm so lu tio n  ( 25 )#
I t  seems c le a r  th a t  these  reac tio n s  must proceed fey mechanism ( B ) *
Further evidence in  support ©f ilkyl-oxygen f is s io n  under sp ec ia l 
experimental conditions # has been revealed  by recen t work ©a th e  
ammonolysis ©f carboxylic e s te rs  and hydro lysis of th io -e s te ra  » # iich  
contain a  carb iny l ra d ic a l R* which tends to  separa te  as a cation*
I t  i e  w ell known th a t when ammonia $ an amine o r a hydrazine re a c ts
with a carboxylic e s te r  j
R< OR*
U  ' 
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an amide or a hydraeid© I s  formed together with th e  alcohol eorresppndfg to 
Ao rig ia a l ester* It  thus appears th a t  th e  ammonia molecule * eidag to  i t s  
liucleophilie nature » has a  g rea te r a ttra c tio n  fo r  th e  cationoid  carbon 
of th e  acyl group than fo r  th e  eleetron-repefcliag group E* » hence th e
dCY Ireaction  proceeds hy a±%l-oxygea fission*
I f  , m  th e  e th e r hand » a  powerful cationoid  een tre  were introduced 
in to  th e  group R* > then th e  ©leciromeric s ta te  e f  .the re s u lta n t e s te r  j£f 
molecule could he reversed * with th e  r e s u l t  th a t  th e  ammonia molecule 
might a ttack  not only th e  acyl group hut also  th e  group Rf to  a  g rea te r or 
le s s  extent* Under such condtions th e  rup tu re  of th e  e s te r  molecule would 
proceed by th e  alky 1-oxygen f is s io n  mechanism ;
8 J ' i  ' . /  ,
R-u-0-Cj  *  R.GOO-H + HH-Cj
/ V , .  hJ ® 2 V - .  ‘
Sueh * condition haaactu& lly been rea lised  by Chattaway ( 35 ) mho 
observed that YYy -trichloro-'<-nitro-73-acetoiypropane reacts with somonis,-»-r 
£-to lu id ine er phonylhydrasine with production e f  the amine or the hydrazlae
■ 4{ - ^ CCl3 : -  y 0013 -
CH -GO.O-|-CH<r CH .000221, + H N-Cir
3 ’CH “NO ® 4 2 ■
H - f f l 2 8 2 ® - N 0
Here » the  h igh ly  © lectron-attr& cting groups I «CC1 and *GH mw  would 
+S • 3 ■ . 2 2
leave th e  0 strongly  p o s itiv e  and hence a cen tre  o f a ttack  by nucleo-
p h ilic  reagents $ and th e re fo re  th e  reac tio n  proceeds by mechanism ( B ) #
IT
This w&s also  found to b© th# case by Kmjon  and co-workers ( 25 ) 
with the am onolyeis o f substitu ted  benjshydryl earboxyli© ©aters* They 
observed th a t £ -1# eihoxybm zhydry1 hydrogen phth&l&te re& ctsw ith  concentr­
ated ammonia so lu tion  a t room temperature with formation o f £^M®thoxy- 
benshydrylamin® j and that th® hydrogen phth&lie ©stars o f |«*ph©noxy- 
benshydrol and &nisy l«c<«"Ziaphthyicarbin® 1 r e a c iw ith  concentrated ammonia ■ 
a t . 100°C in  a - sealed  tub®' »: producing t h e 1 corresponding wain® $ b u t , »  on 
th® other hand * unsubstituted .&®nghydryl hydrogen phih&lat© * under 
sim ilar conditions » undergoes hydrolysis with production o f benshydrel* ;
That hydrolysis ©f tfaio-oarboxylie e s te rs  proceeds by mechanism 
( A ) was proved by Beid ( 16 ) who also  observed th a t  hydrogen sulphide 
reac ts  with ©thylbensoat® wdth formation of bensoic acid  ind merc&ptan i •
CgHg.CO.O^-Cj^g ■* . H-SH r K « a i :  ^C6H§,'C0(H * c ^ i5- s a
Tnis reac tion  > which i s  rev e rs ib le  » c le a r ly  involves alkyl-oxygen 
fission*  %
More recen t work by Iskander ( 36 ) revealed  th a t  a lk a lin e  
hydro lysis o f triphenylmethylthiobenzoat® y ie ld s  bensoic ac id  and th® 
corresponding th io l  » whereas $ ac id  hydro lysis by a lcoho lic  KG1 y ie ld s  
thiebensoi© acid  and triphenylm ethylcarbinol *
Fh*CO-l-S.C(Fn)3 — 1 | | | — Fa*GO-CH ♦  ( f h )3*G-SH
H 0 --H
Fh*C0*S« 3 ^ C0S-H * (Fh)a#C-0HHG1 '  '3
H-GH
18
Her# V the  prtsenb# ©f th e  Fh-group# tends.' to  promoie th# separa tion  o f ;' 
th# earhinyl ra d ic a l as a  p o s itiv e  i©a * and th is  i s  f a c i l i t a te d  by th# 
acid ic  medium in  shioh' th # ’.reaction  proceeds by mechanismC B}* ' I t  v i l l  
be of in te r e s t  to  study th* hydro lysis ©£ th is  e s te r  in  a .weak a lk a lin e
medium » as i t  i s  k m m  th a t  hydro lysis » by weak a lk a l i  ,  o f ©si®rs o f
oarbinols # with strong e lec tro n -re leasin g  p ro p e rtie s  '» .'.proceeds by ;
■ mechanism ( A ) , # 1  areas hydro lysis with weak a lk a li  proceeds by’
mechanism { B ) |  22 )*
M*v#rth#l#ss $ fu r th e r  references t© secondary alcohols which 
re a c t by alkyl-oxygon fissio si i s  not lacking  in  th# lite ra tu r® , I t  i s  
known th a t  many aromatic sac , and te r i*  alcohols give in ten se ly  coloured 
s a l t s  ( halochromic s a l t s  ) when dissolved in  concentrated su lphuric  ac id , 
Hi©## a re  io n ic  compounds with th e  p o s it iv e  charge appearing ©a th#  sec, 9  
©r te r t*  carbon atom $ fo r ©&®mpl# , th#  halochromic s a l t  produced by 
d isso lv ing  triphenylc& rbinol in  concentrated su lphuric  ac id  may be 
represented as +
J b > 3 . c ]  [ s o ^ ]
in  th e  case ©f o p tic a lly  ac tiv e  secondary alcohols , th e i r  hal©chromic 
s a l t s  a re  » th e re fo re  * expected to  be o p tic a lly  in a c tiv e , th is  m s  found 
to  be th e  case by Gomberg and Gordon ( 87 ) vho showed th a t  vhen th e  
o p tic a lly  a c tiv e  phenyIbiph©nyl—C-naphthylm ethylthioglycollie acid  » 
i o6h5 )( c6irs.c 6H4 ) U - s 10Fr  }C-S,CHg-*C00H > i s  tre a te d  with 
concentrated sulphuric acid  » th e  h&lechromic s a l t  obtained i s  o p tic a lly  
inactive*  :
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Kichl©r*s hydrol and i t s  deriva tives undergo some r^&ark&bl© reac tio n s 
involving .th*  rupture of -the alkyl-oxygen bond# Hi® hydro 1  re a c ts  with 
un iline  a r  * -naphthylamia© ©r ^ - to lu id in a  in  a lcoho lic  so lu tio n fc rm in g  p- 
phenyl- or * -naphthyl e r  £ - to ly l  loueaureain© respec tive ly - '} and th© ' :v; 
Isuoauramin® in  acid  so lu tion  re a c ts  with hydrogen sulphide y ie ld ing  th© 
sulphide {( 0 ) ^ OUjf^ S ( 34 )* Ss© hydro! » in  a lcchd lic
so lu tion  # read ts  with p h th a lic  or su cc in ite  anhydride £om lng  p h tha ly l : 
©r succinyl leaeauraodne ( 38 ) |  and with sulphur dioatid© to  give th e  
h i su lph ite  d e riv a tiv e  $ { .) GH*HSQ'S Y e r  with hydro gon ■ ■
cyanide y ie ld ing  th e  n i t r i l e  » ( : ( 39 )1
I t  was-shown by Fees# th a t  /3 ^ -d isu h s titu te i propionic acid;Nar® : 
read ily  obtained by th e  action  o f laalonic acid  on arom atic secondary 
alcohols containing th e  .substituent groups H®4e o r ' •IMe^ according to  
the  equation
> C H .0H 4  H a C ( C G gS ) 2 i - — ^  H gG  >  00g  + ^ C H * G H g t CG(M
Ihus 9 ^-methoxybenzhydro 1  > unisy l-^-naphthy lcarb ino l » and ^ d im e th y l-  - 
anatnebeazhydrel re a c t rea d ily  with malonic acid  to  fwm ^ ^ ^ d isu b s ti tu te d  
propionic acids ( 40 ) * He. a lec  observed th a t  malcnic acid  converts 
iriphenylcarb inb  1 q u an tita tiv e ly  in to  /3/3.4 -tripheny lp rop ion ic  a icd  ( 41 )* 
I t  Can f th e re fo re  9 be concluded th a t  in  these  rea c tio n s  th e  
rup ture  ©f th e  alkyl-oxygeu .bead I s . cl© arly::indicated<»
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... MlSHMISMv^OF HYDROLYSIS OF ChRBOXVLIQ EST1RS
Th® ®tudy Of reaction-kinetic®  ( o f  S u b stitu tio n  o r elim ination ) 
together with a  d e ta iled  examination of the  re§c tion  products"*; in ' bhe:-; 
haitds o f Ingold * Hugh©®' and th e i r  co-workers *' has' contributed  a  g ro a t., .. 
deal towards'th® elucidation  of' reac tio n  mechanisms* - The m ajority  of 
s u b s titu tio n : re a c tio n s• appear to  involve dissymmetric ’or; hetero ly ii©  " 
f is s io n  » and in  th e  ease of nueleophiH c su b s titu tio n  ( §n ) $ i n  w h ic h - . . 
th® a ttack ing  aucleophilio  re a g e n t'I  t ra n s fe rs  e lec tro n s to  e r ' s h a r e s  \ 
e lectrons w ith '.a  • foreign' nucleus # th® r©action may proceed by ' e i th e r ’ of 
two way# { 42' } I ■ "
* Tne modern theory o f displacement reac tio n s  * developed by London 
and Folanyi * p o stu la te s  th a t  th e  reac tio n  Y -  EX • — + YE •  X 
proceeds through th e  t ra n s it io n  complex Y»***R#***X in  which th e  energy 
le v e l i® lowered > thus f a c i l i t a t in g  th® breaking Of th e  bond R-X«
many fa c to rs  $ such a s  t h e  s tru c tu re  of R * e ffe c t o f so lven ts * a n d  
presence of cata lysts*  .
l a  th e  S a l  mechanism * th® reac tio n  appears to  proceed in  two stages* 
f i r s t  % a slow io n isa tio n  takes p lace and th i s  has to  pass over an energy 
maximum which may be reduced to  a  g rea te r  o r le s s  ex tent by so lvation  
forces ©r by th e  s tru c tu ra l  nature o f R » and l a s t l y  * a  rap id  reac tio n
Blmolecul&r ' BnZ
Unimolecular Snl
The ease with which th® f is s io n  o f th® bond R-X takes p lace  depends upon
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ketweea th© earboniuia ion  and T * This mechanism i s  promoted by sec . and 
t e r t ,  a lky l groups with strong e lec tro n -re lea s in g  p ro p e r tie s . Thus 9 In  
the  hydrolysis ©f a lk y l ©ster* in  d i lu te  a lk a lin e  so lu tions * i t  i s  
©teSerwed ( 43 ) th a t » when th s  a lk y l o r su b s titu ted  a lk y l groups a re  
placed in  th e  order of increasing  e lec tron  - re le a s in g  p ro p e rtie s  # th e  
bimoleeular reaction®rat® diminishes i s s ^ l  slowly * then passes through 
./mwLnitam. » in  th e  neighbourhood of idiich a  m ixture of f i r s t  and second 
order k in e tic s  eecur and e ith e r  o f . which can be brought in to  prominence 
by a lte r in g  th e  concentration of -CH lone $ and f in a l ly  # the  r a te  
r i s e s  sharply and th e  k in e tic s  a re  o f th e  f i r s t  o rder » and th e  r a te  of 
which i s  <£uite independent of th e  hydroxyl ion  concentration#
Th® presence of & double bond in  th e  a lk y l ra d ic a l  appears to  play 
a prominent ro le  in  determining th e  mechanism by which su b s titu tio n  
reactions proceed# Thus » wher© a double bond i s  a t  th e  sea t o f s u b s ti tu t­
ion f as in  s la y l  h a lid es  *G»GffiaX and phenyl h a lid e s
or
an electrom eric displacement i s  Induced $ strongly  in h ib it in g  mechanism 
Snl and also re ta rd in g  mechanism Sn2 * Here $ th e  d ipo lar s tru c tu re  of 
phenyl h a lid es  reduces g rea tly  th e  tendendy fozjthe halogen to  separa te  as 
an ion # and th e  increased e lectron  density  In  th e  benzene nucleus 
in h ib i ts  th e  approach o f a nucleophilic  reagent# Experiment shows th a t  
su b s titu tio n  in  these  systems newer occurs by mechanism Snl and only with 
d if f ic u lty  by mechanism Sn2 #
But in  th e  case of a l ly l  and benzyl h a lid es  > where th e  double bond 
i s  remowed one carbon atom from th e  sea t o f su b s titu tio n  » electrom eric
' • 2 2:  ,
4 '
and mesomeric peleks&tiona come in to  play# Thus * th e  electrom eric
' ~v ■ i
p o la risa tio n  CSG-G-Hal has a  strong f a c i l i ta in g  in fluence  on mechanism 
Snl and a  much sm aller e ffe c t on SnS # These a l ly l  h a lid es  a re  h igh ly
ac tiv e  under a l l  conditions of nucleophilie  su b s titu tio n s  j  th e i r  T ; ji
. . . .  . .  : . ■ • / ;  . .. ; . . Y .  , ,  . ■=
hydrolysis and a lcoholysis proceeds by SnS mechanism in  dry alcohol and 1
sodium ethexi&s » and by Sal in  n eu tra l 50 j£ alcohol ( 44 ) * S im ilarly  » 
in  benzyl h a lid es th e  mesomeric s tru c tu re  leads to  in c ip ie n t io n isa tio n  
in to  a halid® anion and benzyl ca tion  s .
or © O a0H2 Br”
The in troduction  of e lec tro n -re leasin g  groups i a  the j> - p o s itio n  * g rea tly  
enhances th e  mesomeric p o la risa tio n  >  # iieh  lowers th e  energy le v e l ©f th e  
tr a n s it io n  complex and ©taiskns . ... s tre tc h e s  the  ’ . C-Br . ' bond' due to  ' 'Y''; 
increased e lectron  supply > and thus f a c i l i t a t in g  th e  a ttack  by aucleo- 
p h ilic  re a g e n ts 'i  ■ .
 _ ■ MS ' J. ;  ^ •■■■
X - C 3 « C H ^ p  -> X-< >-CHs Bp”
f® , hr,
This i s  mostly marked wher© X i s  a  methoxy group # which has a powerful 
tau to m eric 'e ffec t I
M sQ ^^-C H g^lr
hence th e  tendency fo r  io n isa tio n  and reac tio n  ra te s  e re  g re a te r . I f  » oa> 
the  o ther hand $ an e le c tro n -a ttra c tin g  group » such as -NO^ * i s  introdtz 
used in to  th e  £ - p o sitio n  f the  e lec tron  supply necessary fo r  breaking th e  
C-Br bond must be supplied to  a g rea te r ex tent by th e  a ttack ing  nucleophilic
reagent * hence retarding Sa2 mech&nisia s
o ; \  ' ;
Experiment shows th a t th# r#aeilen-r& t# of
g^ MGg benzyl <(fc®E2yl^ji»lI# benzyl ( 45 )•
, Mot only^ th# s tru c tu re  o f th#  a lky l group in fluences th e  course of
reaction'mechanism * hut th#  in fluence of so lvents appears to  b# very
im portant # s p e c ia l ly  in  ©m m  wh®r# th#  tra n s it io n  s ta t#  involves m
inersas#  o r deereas® in  th# sag n itu ^ i of th#\Ghar$#s* * th# reac tio n s
of hm&hy&rfl h a lid es  with with halogen ions ar® him olecular in  aooton#
and uniaolocular in  sulphur di©xid# ( 46 ) | and th a t th# hydro lysis o f th#
bromid®# of M#.: >  • Bt * isopropyl and te r t ia r y  b u ty l shows * by changing
th# solvent to  & more highly so lva ting  on® $ not only th#  reac tio n  ra te s  of
th# #io 1® ##ri«s increases 9 hut a lso  th® e ffe c t i s  very la rg e  fo r  t e r t ia r y
buty l , considerably sm aller fo r  isopropyl and s t i l l  sm aller fo r  S t and
M« bromides ( 47 )♦
Another in te re s tin g  fa c to r  in fluencing  th e  ra t#  of reac tio n s  i s
presence of s a l t s  with a common ion with th a t  of th e  a lk y l ester*  I f  th#
reaction  proceeds by mechanism Snl § th© presence o f such s a l t s  should have
tu*a grea t e ffe c t on th© rat® of reac tio n  » and » onffcher hand $ i t  would hav© 
no e ffe c t i f  th# reac tio n  proceeds by th e  Sn2 mechanism*. Thus » in  th# 
hydro lysis o f th#  following h a lid es  in  presence of solium ha lid#  > th# 
mass-law e ffe c t i s  found - to  increase  from l e f t . to  r ig h t  ( . 48 ) .
(OH3 ) 3 .C- , (0gH5 ) oCH- , £ - te r .B u .C K -^CH- , e-M s.C^-CH- , (£-Ma.C H ) CH-
-  ca V  c6Rs -  ‘  ' '
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The most marked examples of reac tio n s fey the  Snl mechanism have been 
found l a  th e  e s te rs  ©£ secondary alcohols containing th e  ...anisyl ra d ic a l  
which.■■#., m  explained above * f a c i l i t a t e s  th e  form ation of th e  p o s itiv e  
carb iay l io a , *!has » (+)-g-me4hQxyfeanahydr©l # i t s  (~)-hydrogen p h th a lic  
e s te r  f:§its;ao@ tat®  * d i-e th e r  ? methyl e ther ..and .feemoate react, with 
consent ra ted  hydrochloric acid  /.with remarkable ’.ease.;.#.-, y ie ld ing  th e  d l- 
£-methoxyb©nzhydryl chloride* fh® readiness m th w h ieh  th i s  carb ino l 
tends to  d isso c ia te  in to  a yaeemie cation  # has been demonstrated by the  
form ation of the  d l-ch lo rid e  by the  r©action of ( +}-£-methexyfem zhy dro 1 with p
th io n y l ch loride  in  presence of pyrid ine * since th i s  reac tio n  i s  a standard
■ ' ■ - IN;h[:r
method , fo r  preparing the  o p tic a lly  ac tiv e  ch lorides from o p tic a lly  actifee .I !.
: . ■ . . ■: ■ , . , ... 
carb ino ls { 22 } * S im ilarly  9 (f)-&nigyl-<-naphthyle&rbinoX a t  room jj
■■■■■■'  ■ ' ft ; ' ■' ?! [Item perature » and £-phenoxybm zhydro 1 a t 60® reac t emoothfy with concentrate^ |
hydrochloric .acid to  form .the d l-ch lo rid e  .(p.23 >... 25 )« - j: j
Other in te re s tin g  reac tio n s > by vhich o p tic a lly  ac tiv e  su b s titu te d  11
benzhydrols and th e i r  e s te rs  undergo racem isation in  organic acids > have
been shown fey Kenyon and co-workers* Thus $ (4)-g-meth©j^beazhydr©X or i t s  ;;|j:
dl-m ethyl e the r rea c ts  with g la c ia l  a c e tic  acid  a t  90° to  y ie ld  the  d l-
' ■ .. , J:r
acetate* I t s  (i)-hydrogea p h th a lic  e s te r  racemises completely in  g la c ia l  j
a ce tic  acid  in  24 hours # and i f  th e  reac tio n  i s  stopped fesfor® ' r - i rfc::
completion $ th e  recovered hydrogen p h th a lic  e s te r  i s  found to  fee appreciably  j! j 
r&cemised ( ZZ )• On th® o ther hand * the  (4)-hydr©gen p h th a lic  e s te r  o r 
{-J-feensoate of phenylmethylearbinol shows no reac tio n  with g la c ia l  a ce tic  ij [
acid  a t  90° V but when th e  acid  contains more than 20 % water # th e  d l-  L
. ■ ■ I’ i
a ce ta te  i s  produced > and the  recovered hydrogen p h th a lic  o r benzoate e s te r  ;; ,
' ■ ’ ■ jPfii
i s  observed to  be p a r t ia l ly  racemised ( 23 ) * || |
I t  i s  well-known th a t th e  a lk a lin e  hydrolysis o f the  m ajority  of e s te rs  
of optim ally ac tiv e  earb iso ls  proceeds by th e  Sn2 m&chaaism fo r  ifoieh th©
feimolecular mechanism has been postu la ted  fey Datta > Bay and Ingold ( 49 ) ,
I t  involves th re e  stages t a  nucleophilic  a ttack  fey *01 on th© carbonyl- 
carbon atom » e lim ination  ©f “ OR* and f in a l ly  reac tio n  of th e  l a t t e r  with 
a water molecule with' life ©ration of ~ CH io n  'j
f? slow , y  f a s t  g
R-C-OR* + *01 w: j “ i*  R-C-OH , i - r Z~- R-C-OH + "OR*
, ■ * ■ o a r -
fast.- :
' v/"~GRf , + : h*gh , 4 - c n  ■
This mechanism n ecessa rily  involves the  tra n s ito ry  existence ©f th© 
in term ediate  compound -
■ ■ . ■ ' : . v - , : .■ ? \ v \ j ■ ■ . ’
. .. .. . :■ .- ■ . ! : v ^v' •
I t  m s  demonstrated fey von Peekmann ( 50 } th a t th© addition  compound
OSt
G^H^-CM© '•
OHa ■ / •. - . - 
can fee iso la te d  from the  in te ra c tio n  of ©thyl benzoate and sodium methoxide*
I f  R* I s  asymmetric a t the  po in t o f attachment * hydro lysis would
y ie ld  th© carb ino l R*0H with complete re te n tio n  of i t s  o p tic a l ac tiv ity *
Although th e  hydro lysis o f  a  g rea t m ajority  of carfeoxylic e s te rs
appears to  proceed fey the  feimolecular mechanism y  qu ite  a number o f e s te rs
hav© been observed to  undergo hydrolysis fey the  un i- and bim olecular
mechanisms under d iffe re n t conditions. The course of th© reac tio n  mechanism
appears to  depend upon many fac to rs  > th e  most im portant ©f vhich awe t
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th® na tu re  • £ -an d  s tru c tu re  of R* » th e  io n is in g  power of th e  solvent »
k in e tic s  of th# bim oleeular hydro lysis o f bu ty l a ce ta te s  § in  aqueous 
a lk a li  a t  room tem perature $ show th a t  th® reac tio n  ra te s  follow  th is  
sequence ( 51 ) « »• y  iso® \  too® y \  t e r t l ; i and th a t  th#  rat® of 
e s t e r i f i  cation  and e therific& tion  of th is  s e r ie s  follow s th® opposit® 
sequence { 52 )« I t  i s  » therefor®  $ obvious th a t  th® unimolecular 
mechanism becomes markedly operative  in  th® hydro lysis o f e s te rs  of 
te r t ia ry -b p iy l  alcohol*
I t  has been shown by B a lle t ( 53 ) th a t  th® in te ra c tio n  o f a  va rie ty  
of alcohols » in  la rg e  excess » with a  v a rie ty  of e s te rs  in  presence of a 
small amount of caustic  soda » r e s u l ts  In  th® higher alcohol being d isplaced 
by th e  lower » th e  ex ten t o f replacement being g rea te r a t  h igher tfeperat®  
ures |  t e r t i a r y  alcohols a re  d isplaced more rea d ily  than  primary alcohols*
oxygen f is s io n  » a mechanism fo r  ttakds, which has been p ostu la ted  by 
Pay and Ingold ( 54 } I
tem perature and the  concentrations of th® reactants*  3fcu* th® re a c tio n
fh® unimolecular basic  hydro lysis n ecessa rily  prceeM s by alkyl*
R-OOR* v Rf i  R®G 0*0'
+ f a s t RfCHgR * i  HgO slow
‘ -fast
R«0G*G® 4 R#CHg s s m m m p  RfCH • 4 R.00.0H
This mechanism requ ires electron-releas®  by R* and e lec tron  withdrawal by R 
and i s  not se n s itiv e  to  s te r ic  hindrance ( 54 ) j I t  involves th® io n isa tio n
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e f  Rf in to  a  earbonium cation  and i t s  re a c tio n -ra te  would be independent 
©f th e  hydroxyl iba  coneentration. I f  Rf i t  asymmetric a t  th e  po in t of 
attachment » hydro lysis would re s u l t  in  a  racemic product*
That th is  i s  a c tu a lly  th e  case $ i s  borne out by th e  researches of 
Kenyon and co-workers on th e  hydrolysis, of e s te rs  o f o p tic a lly  a c tiv e  
carb ino ls containing the  an isy l group* Easy shewed th a t  when the  
hydro lysis i s  ca rried  out a) in  abso lu te  alcohol and sodium alcoho la te  » 
th e  carb ino ls a re  obtained with f u l l  re te n tio n  of o p tic a l  a t iv i ty j  b) in  
aqueous a lcoho lic  cau stic  soda t the  carb ino ls obtained are  p a r t ia l ly  
a c tiv e  * racsm isation I s  p roportiona l to  th e  water content ©f th e  alcohol? 
and c) in  aqueous sodium carbonate $ th e  carb ino ls produced have lowest 
ro ta to ry  powers* Th© hydro lysis o f e s te rs  o f o p tic a lly  ac tiv e  g-methexy- 
benshydrol > £-m®thoxy-£f-methylb@nghydrol > and sn iy l-^-naph thy lcarb ino l 
in  aqueous a lk a l i  y ie ld  th e  p a r t ia l ly  a c tiv e  carb ino ls even a t  high a lk a li  
concentrations ( IG M ) e Gn th e  o ther hand > hydro lysis ©f e s te rs  of 
o p tic a lly  a c tiv e  phenylmethylcarbinol and anisylm ethylearblnol with 10 N 
cau stic  soda y ie ld s  th e  fu lly  a c tiv e  carb ino ls » whereas > when aqueous 
sodium carbonate i s  used > p a r t ia l ly  a c tiv e  carb ino ls a re  obtained ( 22 »
23 > 24 )* That io n isa tio n  of th e  e s te r  precedes reac tio n  » was proved ly  
th e  fa c t  th a t  when th e  hydro lysis of th e  o p tic a lly  a c tiv e  e s te r  i s  not 
c a rried  out to  completion » the  recovered e s te r  i s  observed to  be extensiv­
ely  racemised* I t  can » th e re fo re  $ be concluded th a t th e  unimolecular 
mechanism * involving alkyl-oxygen f is s io n  , i s  promoted to  a  g rea te r  o r 
le s s  extent by the  presence of e lec tro n -re lea s in g  groups in  th e  ©arbinyl 
ra d ic a l ,  and th a t th is  e ffe c t i s  enhanced by th e  io n is in g  power of th e  
medium in  which the  reac tio n  i s  effected*
•. 3
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CARBINOL
In  view of the  fa c t  th a t  e a te rs  ©f jMesethoxybenshydrol and an isy l -  
n&phthylcarbinol show a  g rea t tendency to  re a c t by alkyl-cxygen f is s io n  
in  eontr& ti to  those ©f benshydrol which show very l i t t l e  tendency to  re a c t 
by alkyl-cxygen f is s io n  » our a tten tio n  has been drawn to  th e  study of 
reac tio n s o f ph©nyl-*-naphthylcarbinol and i t s  esters*
Phenyl-^n& phihylearbinol can be prepared by two methods t i  ) by th e  
ac tion  of bens&ldehyde on *«naphthy Imagnesiu® bromide * and i i )  by the  
reduction of pheny l-*-n&phthy 1 ketone obtained by th e  F rie ldb  and C rafts * 
reaction* Th* l a t t e r  method i s  more economical and gives a h igher y ie ld  
of th e  carbinol* I t  i s  in te re s tin g  to  note th a t reduction  of phenyl-*- 
nephthyl ketone proceeds smoothly and a t  a  much f a s te r  r a te  than  th a t  o f  
ketones with strong e lec tro n -re leasin g  groups > such as p-methoxy -  
bensophenoae*
?he hydrogen p h th a la te  * succinate  » ace ta te  and benso&te 
d e riv a tiv es of th i s  carb inol a re  obtained by the  usual methods in  presence 
o f pyridine* But an attempt ..at. resolution ©f th e  carb ino l th reu ^ i i t s  
p h th a lic  ©r succinic  e s te r  with various a lk a lo id s  f a i le d  * due to  th e  fa c t  
th a t  th e  stereoisom erides could not be f ra c tio n a lly  c ry s ta l l is e d  from 
various so lven ts e r  th e i r  m ixtures » due to  th e  separa tion  e f  th e  
a lk a lo id a l s a l t s  in  th e  form of gums*
3he hydro lysis e f e s te rs  of th is  carb ino l appears to  proceed by 
aeyl*exygen f is s io n  mechanism* J h u s  $ th e  hydrogen p h th a lic  o r succinic 
e s te r  undergoes hydro lysis with caustic  soda fct various concentrations 
and tem peratures y ie ld ing  exclusively  th e  carb ino l without th e  form ation
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of a  tra c e  o f th e  nd u tra l ester* Bio hydrogen p h th a lic  e s te r  undergoes
no di©mutation when heated under re flu x  fo r  10 houre in  dry Chloroform
so lu tion  # from; which th e  e®t®r; caa' he  'ree@vered:'iinchang@d*
Bie; hydrogen ph tha lic  e s te r  does" not reac t' with ©odium ^ - ti lu e n e  -
eulphinate in  a lk a lin e  so lu tion  9 but in  formic acid  Solution a t  90° i t
forms the 'corresponding sulphoae.'-B i.eref o re > "the acid  medium appears to
promote th e  rup ture  of the  alkyl**©£ygen bond, I t  re a c ts  with! abso lu te
alcohol a t  90® to  form th e  e thy l e ther in  46 ^  y ie ld  a f te r  18 hours »
whereas i f  TO ^ alcohol i s  used » th e  y ie ld  of th e  e th y l e ther under
sim ila r conditions i s  88 , increased  reac tio n -ra tS ' in ' th e  l a t t e r ^  -
ease i s  probably due to  the  increased d ie le c tr ic  constant and hence
g rea te r io n is in g  power of th e  ; solvent* " . ./^k'-
perhitps th e  most reaark&ble reac tion  th a t  pbenyl^b-naphihyi
carb ino l undergoes i s  i t s  reac tion  m th  ace ty l Chloride a t  room tem perature
la  th e  absence ©f pyrid ine » with formation of th e  ch lo ride . I t  i s  qu ite
probable th a t  in  th is  reac tio n  th e  ace ta te  may have been formed p r io r  to
i t s  a ttac k  by hydrogen chloride* However » th e  carb ino l i s  unaffected
0
by concentrated hydrochloric acid  a t  room tem perature > but a t  80 the  
ch lo ride  i s  formed,'
Phenyl-^n&phthylchloromethane shows none of th e  io n ic  reac tio n s 
of £«msthoxybsn2hydrylchl©rids* I t  does not re a c t with water a t  room 
tem perature » but i t  undergoes hydro lysis a t  90° with form ation of th e  
ca rb in o l. I t  does not rea c t with sodium £® toluenesulphinate in  aqueous 
acetone to  y ie ld  th e  sulphone. But » on th e  #Mier hand $ i t  re a c ts  with 
abso lu te  a lcohol o r a lcoho lic  potash a t  90° forming th e  e th y l e th e r,
. \  /
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I t  may » there fo re  * be concluded th a t ea te rs  of ph©nyl-«(~naph th y l 
©arMnol # l ik e  those ©f benshydrol # show considerably le s s  tendency 
to  re a c t by alkyl-oxygen f is s io n  than those of £*m©thoxyb®nzhydrol ©r of 
im isy l^ -n ap h th y lca rb iao l in  'which th e  presence of th e  methoxyl group 
appears to  hare  a  deciding in fluence  on the  course of reactions*
A summary of some of th e  reac tio n s of ph@ nyl-^-naphthylcarhinol and 
i t s  e s te rs  i s  given in  th e  diagram below f
VHTH(iL-fH**ya *■ ?Y
R.OH
COCH
0
K 5 CH
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l a  view of th® marked in fluence e f  a methoxyl group l a  th e  para  
p o sitio n  e f th® ben shy dry 1 molecule l a  modifying th e  r e a c t iv i ty  e f  th i s  
secondary alcohol and I t s  e s te rs  % i t  eras considered of i t e r e s i  to  attem pt 
to  a sce rta in  in  lfoat respec ts  th i s  degree ©f in fluence  might be a lte re d  by 
rep lac ing  th e  methoxyl groyp by thio-m ethyl group. Accordingly » th io -  
aa i sylph enyl carb ino l has been prepared and i t s  reac tio n s » and those of 
i t s  e s te rs  > examined and compared with those of th e  corresponding 
methoxyl compounds#
In th# p reparation  of th is  carb ino l » the  s ta r t in g  m a te ria l was 
th iephenol * ehich was m ethylated in  two ways * i  ) by means o f d iae th y l-  
su lphate  and cau stic  soda so lu ticn  $ and i i  ) by means of methyl io d id e  in  
absolu te  e thy l alcohol containing th e  re q u is ite  amount of sodium# The £* 
former method i s  not only more rap id  and economical § but a lso  g ives a 
s l ig h tly  h igher y ie ld . The th ic a n iso le  § thus Obtained » underwent 
th e  F ried s! and C rafts • reac tio n  smoothly y ie ld in g  th ioan isy lphenyl ketone* 
th e  reduction of ih lch  to  th e  carb ino l was e ffec ted  by heating  under 
re f lu x  fo r  few hours with sodium amalgam ©r sine dust and cau stic  soda in  
alcohol# This reduction i s  analogous to  th a t  e f  ketones wontaining 
e lec tro n -re lea s in g  groups » ihereas th e  reduction ©f bensophenone can be 
c a rried  out a t  ordinary temperature# An id e n tic a l  carb ino l was obtained by 
th e  Srignard reac tio n  > from bensaldshyde and £*bromothioanisole ( prepared !
by bromin&ting th io an ieo le  }*
The reso lu tio n  e f th e  hydrogen p h th a lic  e s te r  was e ffec ted  by
f ra c tio n a l c ry s ta l l is a t io n  of i t s  quinine s a l t  from alcohol |  and th e  
fu l ly  a c tiv e  carb ino l m e  obtained when th e  o p tic a lly  a c tiv e  hydrogen p. 
p h th a lic  e s te r  was hydrolysed by sodium eihoxi&e in  absolute  a lcohol j 
on th e  o ther h&hd § \iaien caustic  eoda was used in  high or low concentrations 
th e  carb ino l obtained was ex tensively  raesmised* v
Hot only in  th i s  respec t i s  th e  hydro lysis of t h ^  e s te r  c f 
th is  carb ino l p a ra l le l  with th a t  of ]3-m@thoxybenzhydro 1 * but th e  mods o f 
formation of i t s  n e u tra l p h th a lic  e s te r  i s  also analogous* Thus > th e  
( - ) -hydrogen p h th a lic  e s te r  re a c ts  with 0,3 H c au stic  soda to  fsem the  
n e u tra l e s te r  » which on hydro lysis by sodium ethoxide and absolu te  
a lcohol y ie ld s  a h a lf* fu lly  ac tiv e  carb incl *
O C00R(-> fvGOCn I
CGGH i .  ^  SZ-.C O G H  \ /VC0GR(«) 
——f  VAqoor( |1 )/VGOOR(<») H f^YCGGR(-)
j^ COCH \>G0CT
**27«Q° • *23*6
o
■ - . - ■ ci
£
(-)JUOH ( ^ . 4
* S*6# ; ,,v  «4,4® ’
I t  i s  § th e re fo re  » c le a r  th a t  a lk a lin e  hydro lysis o f e s te rs  of th is  
carb inol in  absolute  alcohol proceeds by th e  bxmolecular mechanism with 
f is s io n  of th e  acyl-oxygen bond » whereas hydro lysis by aqueous a lk a li  
proceeds by th e  unimolecular mechanism with rup ture  of th e  alkyl-oxygen
Cur a tte n tio n  was next drawn to  acid  hydro lysis o f e s te rs  of th is  
carb ino l * but f i r s t  l e t  us consider the  im portant general mechanisms 
postu la ted  fo r  acid  hydro lysis.
That acid  hydrolysis i s  catalysed  by hydrogen ions * and th a t  th e  
re&etion-r&t® i s  of the  second order # was by many inv estig a to rs#
Ihe lowry m elanism  ( 55 ) p o stu la te s  the  add ition  of a proton to  th e  
"e therea l *• oxygen atom of the  e s te r  » and th e  compound produced re a c ts  
with a water molecule forming an in te ra e d ia te  mompound which f in a l ly  
breaks down in to  acid  and alcohcl f
"o o 9 +
E«C-0R* >  H + H
: Q  - - ■ ■■■:
\ *
. . R-OG-R* * R.COCB t  R*.CH ,
. . .  u i  h ■
But as a  r e s u l t  e f  th e i r  in v es tig a tio n s  cn th e  acid  hydro lysis ©f 
c ro ty l and m ethylally  a ce ta te  V Ingold and Ingold ( 7 ) po stu la ted  th® 
follow ing mechanics * .. ,
0 0u + H + ■ + ■ , .
R-OCKR* + H — ----*  R-C-^Hl* — ^  R-CSO + HCR* (slow )
H
R“*C“0 >  HCH — * R#C00H t  H ( f a s t )
This mechanism i s  e sse n tia lly  th e  same as th a t  p o stu la ted  by B atta  , 
Bay and Ingold ( 14 ) and i t  appears to  be in  harmony with th e  known fa c ts
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..•Th© abov© two .mechaniesis. involve a  second order k in e tic s  with . 
^ fiss io n  of th© aeyl-oxygen bond* '... Iherefor© $ i f  Bf i s  asymmetric ’-at th© 
p o lr .t;e f  : attachment » hydro lysis would re s u l t  in . re te n tio n  .o f: op tical".
& etivify*\-  ^ ■
In th© case of e s te rs  o f o p tic a lly  a c tiv e  C arbinols-of su b s titu ted  
bonShydrols » containing strong e lec tro n -re lea s in g  groups 5 we considered ' 
i t  fe a s ib le  th a t  acid hydro lysis would lead  to  racemic products* Y&th th is  
aim in  view » .we hydrolysed th e  hydrogen p h th a lic  e s te r  o f (~ )^ ih io an isy l- .. 
phenylc&rbinol with d ilu te  sulphuric ".acid and aqueous acetone $ ' : th e  
carb ino l produced, was o p tic a lly  inactive*  I t  i s  obvious th a t  the  rup ture  of 
th e  .alkyl-exygen bond i s  involved » and th a t  ‘th e  reac tio n  could not have
proceeded by e ith e r  of th e  two mechanisms described above*. Taking in to
we suggest th e  follow ing unimolecular mechanism * involving alkyl-cxygen 
f is s io n  9 for., th i s  type of acid  hydro lysis t ,. " ' •
shown by th© fa c t  th a t  when the  reaction  i s  stopped before completion * the  
-recovered e s te r  i s  observed to  have undergone extensive raoomisation*
Under s im ila r conditions * hydro lysis of the  ( - ) -n e u tra l p h th a lic  e s te r
account the  fa c t  th a t.,th e  e s te rs  o f th is ,  c a rb in o l'io n ise  in  various solvents* ]
0
R-C—OE1
slow 0ll * • R*.fa s t R>■0-0
+
Tnat ice ies-tien  of th e  hydrogen ph the lic  eet-er precedes hydro lysis » i s
y ie ld s  th® o p tic a lly  in a c tiv e  carbincl* ■ .
-/-^-■Another in te res tin g .'fe a tu re . of th e  hydrogen' p h th a lic ; ester. of th is  
carb ino l I s  th© re& d inessm thw h ich  i t  forms tfcn .eulphone© with aromatic 
©ulphinie. acid©. : V. Ihus i th© ( “ J-hy&rogen p£fth&13pe © sterijreaets f a i r ly  :
tem perature y ie ld ing  the  eorrespoading o p tic a lly  in a c tiv e  sulphon© * th©
which re a c ts  more or le s s  rap id ly  m th  th© ©ulphinie anion to  form th© • • ■ -j
©ulphin&t© > and f in a l ly  » th e  l a t t e r  undergoes instan taneous rearrangement j 
In to  th© sulphon® * , ;! t- !
An id e n tic a l  ©ulphon© 1© also  obtained much more rap id ly  » presumably in  
th© earn© manner » when th© carbinyl ch lo ride  react© with ©odium j»~toiu©ne** 
©ulphinat© in  aqueous acetone*
Perhaps th© next in te re s tin y  reac tio n  § in  which th© rup tu re  o f th© 
alkyl«oxyg©n bond takes p lace read ily  » i s  th© ac tion  of ace ty l ch lo ride  
©a th© o p tic a lly  a c tiv e  hydrogen p h th a lic  e s te r . This reac tio n  may proceed j
by ©ith®r ©f two ways * I
rap id ly  with ©odiura £-tolu@nesulphinat© in  a lk a lin e  so lu tion  a t room
formation of which must have proceeded by th© follow ing ©tag©© $ f ir© tly #  
 th e  io n isa tio n  of th® p h th a lic  e s te r  y ie ld s  a  rac^aic  carb iny l ca tion  # .v4i . j
C t
C00R(*)
•COOHa
COD 
■COG! a C^.SO .C R
0
A
0
CH *€0-0R(4) <¥
' ' -P
4 HCl
4 CH^ COCl
R-Cl (d l)  4 + CH COQII"V
; C learly  > mechanigs ( a ' }  involves acyl-oxygen figs son v&th form ation of \he. 
optim ally  ac tiv e  ace ta te  * efcereas » mechanism ( h ) involves alkyl-oxygsn 
f is s io n  v ith  formation o f th e  o p tic a lly  in a c tiv e  ch lo ride  Experiment 
ehows th a t  th e  hydrogen p h th a lic  ea te r of th e  (+ )-ca rb in e l re a c ts  rea d ily  
with ace ty l ch lo ride  y ie ld ing  th e  racemic chloride*
Tet $ oh th e  o ther hand « th e  p o s s ib i l i ty  th a t  tinder mechanism ( b ) 
th e  a ce ta te  may have been formed as an in term ediate  product p r io r  to  i t s  
immediate a ttack  by HGl to form th e  ch loride  i s  not excluded,*
Asl© > th e  o p tic a lly  ac tiv e  carb ino l re a c ts  read ily , feith ace ty l 
ch lo ride  y ie ld ing  th e  raeem ii ch loride  » but » on th e  o ther hand » in  • -  • 
presence of pyrid ine  » i t  forme th© o p tic a lly  a c tiv e  a c e ta te . The function  
of th© py rid ine  in  th e  l a t t e r  reac tio n  appears to  promote th e  removal ©f
th e  proton from th e  hydroxyl group ra th e r  than to  cause io n ic  f is s io n  ©f - ;;:j
th e  acid  ch lo ride  ( So )*
Another notable example of th© tendency of th is  carb ino l to  undergo 1 
alky 1-oxygen f is s io n  i s  th e  action  e f  concentrated hydrochloric ac id  on - ';jj
th e  o p tic a lly  ac tiv e  carb ino l $ i t s  e s te rs  and d l-e th y l e ther . to  form th e  
racemic ch lo ride  I li
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c o o — — B ( - )
COOH
c o o — — •*r ( « )
c o o — — R
chlcqo— -
9  ; ------- H ( - )
C2HSC-----
+
---- — H
H c r
— — — * dl^B# Cl
Th© hydrogen p h th a lic  e s te r  or th® n e u tra l p h th a lic  ©si@r of th#  
(»)«*carhinol reac t with cold concentrated sulphuric acid  forming in ten se ly  
coloured halo chromic s a l ts  which rap id ly  hydrolyse in  water y ie ld ing  th© 
r&cemi© carbinol# A sim ila r &is - hale chromic s a l t  i s  formed by th# action  
©f cold eoncenir&ted sulphuric acid  ©a th© chloride  with copious 
©volution ©f KGl gas#
Bacemisation of th e  e s te rs  of th#  o p tic a lly  ac tiv e  carb ino l in  various 
©events $ i s  a  c le a r  evidence th a t alkyl-oxygen f is s io n  occurs# Tims » th e  
ro ta to ry  power of th e  (-)-hydrogen p h th a lic  e s te r  in  g la c ia l  a c e tic  acid  
f a l l s  from -17° to  0° in  90 minutes a t  100°C » and in  460 hours a t  room 
tem perature with production of th e  dl» acetate# i t  also  io n ise s  in  abso lu te  
alcohol a t 90® with formation of th e  d l-e th y l ether# Jh en  th e  reac tio n s  are  
stepped before completion » the  recovered hydrogen p h th a lic  e s te r  i s  
observed to  have undergone extensive rac©mication# The o p tic a lly  a c tiv e
carb ino l a lso  racemises in  g la c ia l  a ce tic  acid  $ though a t  a much le s s  
rap id  r a te  than th a t  of the  hydrogen p h th a lic  ester# .
In te re s tin g  ion ic  reac tio n s a re  exhib ited  by th e  carb iny l c h lo rid e .
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Thai » with potassium hydrogen phth&l&t® o r sodium bensoat© in  aqueous 
a©@t©a® i t  forms th*  hydrogen p h th a lic  © s i  ©r mid th  © b ®n aoat © respectively*  
I t s  so lu tion  in  aqueous ac©ton® rap id ly  develops an &eid r©a^ion with 
form ation ©f;ih® earbin©i*.;, Hydrolysis of th© © hloridew ith  caustic  soda' ■ 
i s  aqueous acetone y ie ld s  th® carbinol/*  P e re a s  y with a lcoholic  .potsfeh i t  
forms th«  ©thyl ©ther*
I t  can » therefor® § b© concluded th a t  th® in fluence  of th® th is*  
methyl group i a  modifying th® re a c tiv iiy  of th® benshydryl molecul® i s  
r«a&rk&bly s im ila r t© th a t of th© meihoayl group© Iherefor© * th© th is*  
methyl group > l ik e  th© methoxy group > has a powerful tautom eric e ffe c t *
and h©nc© th® g rea t tendency fo r io n isa tio n  and reac tio a -ra te s*
■ X S A B T im  W  C A R SW O L
II
f'COCl + Py
* c ,h„#cqgr& $
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Having established the c lose sim ilarity  between the thio-*m©thyl 
and meihcxyl.groups in  modifying the reactiv ity  o f the benshydryl 
molecule $ attention m s next directed to the study of th® influence of 
the meihylsulphonyl group oa ths^enzhydryl molecule *
la  th^s&se o f  .the th ioan ieyl group > the electromeric displacement 
tends to  -increase the '‘re&ction-r&tea which proceed mainly by the a lkyl-  
©xygen f is s io n  meehanisa |  but in  the case of the ^methylsulphonyl** 
phenyl group f i t  was expected that.’the electromeric displacement would 
take, p lace 'in th® opposite direction * thus t .
T V .
re s u ltin g  in  s low er-reac tion -ra tes  which would proceed mainly by the  
acyl-exygen f is s io n  mechanism*
Hi® f i r s t  indication m s provided by the non-reactivity o f  
p-methylgulpkonylbromobensen® *
r S  ■*£
towards magnesium ; no Grignard compound could he obtained* Also » 
j^ethylgulphonylbengoplienon# undergoes reduction much more re a d ily  than 
does thioanisylph©uyl ketone |  and when th® reduction i s  c a rried  out in  
an a lk a lin e  medium > ..’uneubetitu ted  'bc&shydrcl and not th® expected
carb ino l i s  obtained* /Shis in d ic a te s  th a t  the  methylsulphenyl *» 
beng@n® bond * . Me# SO ^  i s  much weaker than th a t  , o f th ie -
methyl « bensene bond ?  ^ 9 . and th a t  i t s  rup tu re  i s
promoted by th e  a lk a lin e  medium* ' {& the. e th e r  .hand * reduction o f 
£«^a©thylsulph©nylbens0 ph@none f by means' o f ; sine  and a c e tic  acid  o r 
aluminium' leoprepoxide 9 tak es  p lace  smoothly 9 y ie ld ing  £-m©t?aylgulphonyl«* 
benzhydroX.Identical with th a t  obtained by oxidation  of th ioanisy lphenyl 
ca rb in c l with hydrogen peroxide and a c e tic  acid*
, Si® hydrogen p h th a lie  e s te r  o f th i s  earb ino l was. obtained in  
ih® usua l manner* I t s  so lu tion  in  0*3 I  c a u s tic  -sida > a f te r  standing ' 
a t  room temperature fo r .s e v e ra l weeks » remained c le a r  9 m o w in g  no ' 
evidence o f hydro lysis nor o f  n e u tra l w ster form ation * I t s  a lk a lin e  
so lu tio n  showed no reac tio n  with sodium p-ioluenasulphin& te*
Hydrolysis o f th e  (bj-^m ethylsulphonylbeiizhydryl hydrogen 
p h th a la te  with d ilu te  a lk a li  o r 'with abso lu te  alcohol and ©odium 
ethexid® > y ie ld s  th e  o p tic a lly  a c tiv e  carb ino l without any evidence of 
xwcemisation* - : 'Mh#'resu lts'er*  recorded on th® next.,page *
HfcOH * BiOMacsit.o cc* cjr  ,coeti
CH,0G0*C H *C0CH .OJT 1. MeOH
or. Et£H t  . BtGHa
OH 0 H*
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41) Foss® s Compt# rend# 9 1907 $ 145 9 196 *
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43) Hughes and Taher s J#C#S. 9 1940 9 956 *
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1 X P E K I M E N T " A ' h
A ) B't Tk® Criginari Hsaetien * *<«!£sphthylbreiiid® ( 155 g  ©r 0«?5 a il*  )' 
m S added slewly t© © mixture ©f magnesium { 18*8 g ) * iedia© { 0#S $  ) 
and m j^fdrtiti ether ( 100 ©»©• ) placed in  & thr©e*n©c&©d flask  provided 
with a eoadenge® m i  a mechanical s tirrer  > m i  heated m  m. mt®r«bath .
gL
( 55**60 G ) « A fte r . th® . complete a d d ition  ( 40 mine* } ®f U •naphthylferemido' 
th© m ixture was s t ir r e d  ( 2 hours ) a t room temfer&tur©* 'B©nEaldehyd4 
C .71 g ©r 0«,f m«l* ) im eth er ( S0: e#e*. ) m s  added s lo w ly '( 2 hours ) with  
s t ir r in g  4© th© m ixture cooled  in  ie#»  S h e-eeeled  m ixture was decomposed' 
w ith a conesntrated  so lu ii© n  ©f aaoaiuaa ch lo r id e  » and th© life ©rated . 
earb in o l ex tras ted  w ith a  fu rth er  quantity ©f ether { 300 c*c. ) • A fter  
washing th© © thereal e x tra c t w ith d i lu te  c a u s tic  soda > th en  w ith water » 
and drying ©v©r calcium  c h le r id l  t ph@nyl«^«naphthy1 carbine1 c r y s ta l l i s e d  
from ©ih©r*light petroleum in 'r o s e t t e s  ©f Short n eed les  > M«F» 84»5°C • I t  
was r e c r y s ta l l is e d  from carbon disulphid© and formed c o lo u r le ss  n eed les  »
M.P, 85 C* , The carhinel d is t i l le d  at 22S C/lSmm# t© a colourless 'viscous- 
o i l  which m  standing set t© a whit© crysta llin e  so lid  » M*P. 86*0 »
Yield ©f th© carhinol » 85 g i 33*55 % calculated m  th© fee&saldehyde'*
( Acre© t Eer.® 1904 $ WL * th© M*P* ©f phsnyl-K-naphthyl
carMncl as 85*6®G )•
2B ) By The RsAuctl03Li3JfJhsnrl»<-&aphthyl Ketone*
Preparation  Of Fh®B.yl«<«HaphthgXJCetoae# . Anhydrous elumlniim eh le rid e  
( 100 g ) was added slowly ( m mim* ) 4© beussyl ehlorid© { 5? c*e* ) 
with shaking and cso ling  in  an ice-b&th u n t i l  so lu tion  m s  eomplet©# A fter 
adding carbon disu lphide { 150 c.c* ) *' naphthalene ( 64 g } m s  added 
slowly C §0 ®ins# ) with continuous shaking and cooling* S is  m ixture / w a s ; 
l o f t  to  re a c t a t  rooa t  sap o ra to rs  ( 1  hour ) # -and 'then heated under 
re f lu x  ( 15 mine* ) * A fter cooling in  a  d ressing  m ixture $ th e  c ry s ta l lin e  
product m s  f i l t e r e d  o f f  r.m Shsd  With .carhon disulphld# \  $0 '’©#©*' ) > : &ad' 
decomposed with ice-cold, d i lu te  hydrochloric acid*- The'dark browa product 
m s  ex trac ted  with e th e r * th e  so lu tion  washed w ith d i lu te  cau stic  soda' £■" 
heated u n d e r 're flu x  w ith-anim al-charcoal * and d ried  over calcium chloride* 
fhenyl^-n& phthyl ketone Separated from e th e r- lig h t petroleum in  needles $ 
M*P* 74*5®0 3 rec ry sta llised '-  from carbon' d isu lph ide i t  f©mod n e ed le s" ' ‘
M.P, 76*C .  T i«ld * 84 g » 70-3 ( Ker* i  Bar. 1673 ,  6  »ii841;
gives th e  M|P* of .ph@nyl-*-naphtbyl ketone, as 75*5®G )«
1 ) M th  Sodium jnmtlgfar And. Alcohol, ■ : Sodium emalgsua { 8 $ of sodium in  
50 g o f mercury ) m i  gradually  added t© a  so lu tion  o f phenyl-K-n&phihyl 
ketone ( 1 2  g ) l a  ethanol ( 1 0 0  ©*©« of 96 ^  ) 9 and th e  ensuing vigorous 
reac tio n  was moderated hy cooling# Next day * the  decanted a lcoho lic  s o lu tia  
m s  d ilu te d  with ice -co ld  water # and th e  p re c ip ita te d  m ateria l d ried  and 
c ry s ta l l is e d  from carbon disu lphide » needles * M*P. 85*5@C ( y ie ld  s 10 g }* 
A fter an ad d itio n a l r e c ry s ta l l is a t io n  from th e  same solvent » th e  product 
had M.P* 8 6 ®q alone o r when mixed with pheayl-^-naphtMfrl carb ino l prepared
3by th f  Grignard rea c tio n . ■
’ g .V w ith  Zinc Bust a CftaBiio Soda ted  Alcohol*- 2ine dust ( 20 g ) mad v- j
medium hydroxide { 20 g ). w ire added to  a so lu tion  ml p k en yl-^ aap h th yl. - - 
ketone { 11 g ) in  ethanol { 75 c . e . c f  '96 j£; J ‘» mad th e lidxtur© heated under. 1
refloat far  3 hours and then f i l t e r e d  hot* The cooled f i l t r a t e  m s 4 d ilu ted  
with cold water , when th® p recip ita ted  white e@riii-Eolid product s o lid if ie d  
completely ©a standing* Y ield i l G . 7 g #  M.P# 8 M @G * G ry sta llisa tio a  
from carbon dlsulpfeide yielded  needles o f phenyl^-naphthyl oarbinol # }
M.P. 86® C * Y ield o f  the pure carbinol s 10 g » 90 $ $ ' ] ' "  f
V ... ■ . . V . 1 ', • ' T . • ’. ' ' ■ l
Phenvl*«(*»g&phthvl'' Carbinol Hydrogen' Fhthalato . ' ; i:j‘Kv |
The carb ino l ( 23*43 g ) was dissolved in  a hot so lu tion  of p h th a lic  j
anhydride ( 14* 8  g ) in  pyrid ine ( 15 c .c , } * an d 'th e  homogeneous - so lu tion  ~ J
a f te r  heating  '( . Id  hours ) on t h e 'va te r-hath  ( 55~60@G ) was mixed- with an 
equal relume of acetone and decomposed with' ice*cold  d i lu te  hydrochloric r I, . . , . j.
acid® The o ily  product turned on standing in to  a  w hite so lid  § M.P* 153-4 C> j
which separated from methanol l a  p rism atic  needles # M.P. 158*158*$®G ,
Y ield o f phenyl-*-n&ph4hyl earb iny l hydrogen phthal& te i 36*5 g * 96 % ■* |
On t i t r a t i o n  with 0*0375 J  caustic  soda » th e  hydrogen phth&lic e s te r  ( 0*5 g)
■ . 1
n e u tra lise d  13.36 c .c . ( calOw 13*40 e.c* ) * Found » M.W* 384 , !
req u ire s  II.W* 382*4 V j
Preparation  Of Ffasnwl-a-N&Phthyl Carbinvl Hydrogen Succinate. :|
The carb ino l ( 7.03 g ) was added to  a  so lu tion  o f euceinie anhydride ( 3 g ) ]
in  pyrid ine  ( 5 c.c* ) » and a f te r  heating  ( 4 h e a rs .)  th#  m ixture ©a th e  j
stesm-bath $ i t  was mixed with m  equal volume e f  acetone and decomposed 
with ic e -co ld  d i lu te  hydrochloric acid* The white so lid  product m elted j
, a t  115-8@G V/and a f te r  c ry s ta l l is a t io n  from m ethanol* Was obtained in  - - - * v 
short n*edle* $ M.P. 122-3@G .  f i e ld  e f  phony l-*-n&phthyl -Carbiayl. hydrogen 
succinate  »)9*T g" t 97 :$V;c& N itra tio n '« £ ih :';$*09?5. M 'm ustie  soda » th e  
hydrogen succin ic  e s t e r '(  0 * 5 2 1 g )  n e u tra lise d  15*84''*•*«'(' calc* 16•00 e .c .)  { 
Found M*W*'333 ’*P r®#iir®s 334';:« ' . ' ;
R eactions Of Fheavi-drffafththvl Carbinvl' Hvdr*g*a Plrfehalat*.  ■
1 V With Sedltia Hydroxide* r?:
a) A eelu tioa  ©f th® hydrogen phth& Iie © star ( 1 g ) in  m  eq u iv a len t aneunt, 
c f  c a u s tic  soda ( 9 c«c« e£ 0*3 N ) was l e f t  t© s tan d  a t  room tem perature  
i n  a  ©lesed v e s s e l ,  A fte r  2 months th® ©©rfeinol began t© sep a ra te  %f a  
w hit* c r y s ta l l in e  s s l id  ( 0*54 g ) » M .P*.85-85*5*0 $ , &I@a* ©r .mixed w ith an 
a u th e n tic  specimen ®f th® carb inol*
b) A so lu tio n  ©f th*  hydrogen p h th a lic  e s te r  ( 1*0 g ) in  M/20 caustic
, soda ( . 54 e .e ,  ) : a f te r  ; standing a t room t@mpera.tur® ( 1 month ) > deposited" 
th*  carb ino l ( 0*55 g ) in  a  f in e ly  divided c ry s ta l l in e  s i  at® » M.P* 85-85* 5#C
c) A so lu tio n  of th® hydrogen phth&lic a s te r  ( 1*0 g ) in  0*3 N cau stic  
soda ( 9 e.c* ) » On heating  a t  80-65§0 » became cloudy a f te r  5 minutes «
A fter heating  fo r  a fu r th e r  23 adapt®* deposited an o i l  * th i s  so l id if ie d  
on cooling and had M*P* 84-§®C * .Tht carb ino l c ry s ta l l is e d  from methanol in  
»®edl®* (  0*5 g ) * M.P* 85*5*0*
d) A so lu tio n  o f th® hydrogen 'ph tha lie . e s te r  ( 2.0 g } in  0*3 N cau stic  soda 
( 180 e«c« •  10 equivalent* } t a f te r  heating  a t  BQ0G fo r  30 m inutes y ielded  
«a Oily product whi©h s o lid if ie d  on cooling $ and a f te r  c ry s ta l l is a t io n  from 
methanol » th® 'carb ino l m s  obtained in  needles ( 1*1 g ) $ M.P* 85*5 C •
' Under s im ila r c o n d i t io n # s o lu t io n  e f  th® hydrogen succinic  e s te r  in  W/l 
o r in  0 * 3  JJ caustic  soda.. , m u m m in g  or si&nding a t  room,temperature to r  
few day© ». deposited th# carb ine! q u an tita tiv e ly  * :.N* .neutral: e s te r  
m sfo ra e d *  ^  V . .
2  ^ Bv Heating l a  Chloyofem Solution. ■
A so lu tion  o f  th e  hydrogen ph thalio  e s te r  ( 2*0 g ) l a  dry chloroform ( 20 c# 
m s  heated under re f lu x  fo r  -30 hours • A n e g lig ib le  amount of ph thalio  
ac id  ( M.P* 2Q0#C } w  deposited# Th® hydrogen. phthall* ; e s te r  ( 1*9$ g ) ’ 
m s  recevored unchanged* ;
ri': ;/;v. ■ !
a) A so lu tio n  of th e  hydrogen ph thalio  e s te r  ( 4 * 0  g ) m d  sodium ^ -to luene  
Sulphinate ( 2# 24 g ) in  formic acid  ( SO e .c . o f . 90 % ) m s  heated on th# 
steesH m th fo r  0  hours.. and then  d ilu te d  with water $ a, yellow ish brown - 
s i l i d  m s  deposited# This a f te r  washing with d i lu te  cau stic  soda % m te r  » 
and then  drying . , was taken up in  alcohol and heated ( 30 mins«' ) under 
re flu x  with animal charcoal* Hi® alcoho lic  so lu tion  on concentrating  > 
deposited  almost co lourless c ry s ta ls  c f  p-ielyl-phenyl"»<4-naphthyl carb iny l 
sulphcn# ( 3*3 g I 82 |  ) 9 M*P* 120-1°G j r tc ry s ts& lised  from th e  same 
solwent l a  colourlcs© plat®# t 'M.F* 1 2 2 ^ 0  * ,;.;;;J.Found;;..f.,;;s, 8*3
°24H20°2S r ^ Fm  S M l  V
b) A so lu tion  c f  th#  hydrogen p h th a lie  #st®r £ 2*0 g ) in  0*3 I  c au stic  eoda
( 18 c .c* -)  m s  f i l t e r e d  in to  a  so lu tion  c f  sodium.jKteluene sulphinat#
{ 1 * 1 2  g f  in  5  c«c« of water ) *• .V hilsi standing in  a  c lcsed  re s  eel a t
room tem perature fo r  4 month# , th® carb ino l ( 1*0 g ) m s  slowly deposited »
, M*P. |  i t  c ry s ta l lis e d  from e th an o l. l*i'.needles » M.P* ,85.5-86*0 *
■: a lo n e , e r ;mlxed w ith a n  au th an tic . specimen.
-/.’la- V s im ila r , experiment > ■ th e  rea c tio n m ix tu re  a f te r  heating  a t  
; 80@C f o r  15 .s&nutes,#--deposited in s  e a rb in d * ::.; ,X;-%s \
4  ) M th :gthyl Alcohol. , . . A
! :- .r : : -'-' ,  ~ , : r : ;  s . ; ; , ; s i ' i ' - ' , ' ,  V -  j  ? . ;  ’ ‘ ;■ T " -  ’ ■ r  : : '  s ■ '■ : ‘ - ■i ' ‘ . ’ ‘
a). With • .; & g©luti©n ©f the- hydi^gSn phthaH e :
a s te r  C 5*0 g ) in  absolu te  e thy l alcohol ( 75 c.©. ) a f te r  heaU ng under 
re f lu x  ( i s  hours ) and concentrating to  SO ©.©4 * was d ilu te d  with a n ' - 
equal vdume e f 'e th e r  m shed tw ice with water and ex trac ted  with d ilu te ,
ammonia* Deeemp©sitien;e f  th e  a lk a lin e  e x trac t with ic e -co ld  d ilu te  
hydrochloric ac id  ; y ielded unchanged hydrogen phthalie.' e s te r; ( 2 . 2  g $
■ JBUP* ■ 158*6')  « ‘ th e  e th e rea l .e x tra c t *, a f te r  drying, ever potassium : : 
Carbonate and removal e f  solvent * y ielded  ©n d i s t i l l a t io n  ( B.P* 2O2«40C/ 
; ;14 mm. J. ph my1-eC-naph ik y l c a rb in y l, e thy l e th e r : as ;a ; co lourless "heavy c i l  
.;,'whi8 h S o lid ifie d  on cooling » M.P. 45-6®C .  Y ieldV l U - g  * 46 % * I t  ''- ' 
iCry© taliisod from e th e r- lig h t .'petroleum in  colourless, n eed les .§ M.P* 47®G $ 
Found * C 87 .2  - * H 7*1 » v : requ ires  .'C ,^ 7...'; # H 6*87
b) With 70 ^  Ethyl , Alcohcl&. -  .A.;.so lu tion  i f ,th® hydrogen ph thalio  e s t e r ,
( 1 1  ) in  ?<$ e th y l alcohol ( 1 0 0  c . c, ) a f te r  heating  under re f lu x  ( 1 8  
hour* ) » m s  mixed with an  .equal volume e f  e ther # washed with m te r  and 
then ex trac ted  with d ilu te  ammonia* ., The a lk a lin e , ex trac t * a f te r  
decomposition with i c e - c d i  d ilu te  hydrochloric acid  # y ielded  unchanged 
hydrogen p h th a lie  e s te r  ( 1 . 8  g ) 4  The o ily  product obtained from th e  
e th e rea l e x tra c t d i s t i l l e d  a t 202®C/13 mm. » y ie ld in g  phtfsyW -naphthyl 
carb iny l e th y l e ther as a  ee leu rleee  o i l  iM eh s c l id if ie d  ©a c e d in g  »
M.P. 44-6*0 * Y ield » 2.0 g * 58 ^  * I t  c ry s ta l l is e d  from e th e r- lig h t 
petroleum in  ©luster® ©£ short needles * M.P. 47®G.
1 ) ..With .Acetic Aah.vdri.dc In  Pyrid ine. ' A se lu tie a  e f  th e  carbine1 ( 2 g )
in  py rid ine  { 2  e ,e ,  ) end a c e tic  ahhydiide ( 1  e .c .  ) was heated on th e  
steam-bath { 4 hours } . I t  m s  then mined with an equal volume e f  acetone 
end decomposed with ice -co ld  d i lu te  hydrochloric ac id  « The o ily  product 
s o l id if ie d  cm s ta a ttn g  > y ie ld ing  fh en y l-^aep h th y lcarh iiiy l a ce ta te  § 
which c ry s ta l l is e d  from e th # r» lig it  p e trc le M  in  p rism atic  needles » .
M.P. 80- 20. 5*0 .  Yield t 2.3  g « 98 f  .  Found iC 62.5 ,  H 3.3
C..H 0  r .v i l r e e  c 61.8 .  H 6 . 0  % .
19 16 2
A se lu tie a  ©f p h e a y l^ n a p h th y lc a rb in y l ace ta te  ( 1 ,0  g ) in  a lceh c lic  
potash ( 6 0  e .c . e f  0,C94SS N ) was heated under re f lu *  . t h e  e*cess 
potash n e u tra lise d  2299 e .e .  e f  O.Ci069 H hydrochloric acid. ( m i l i t a t e d  
22#7B c .e .  e f  th e  acid  )* Found M.W, 2?® » C ^H ^er req u ire s  M.W. 267 , 
The n e u tra lise d  a lcoho lic  so lu tion  on concentrating and adding m te r  # 
deposited' a  white so lid  ih ich  on c ry s ta l l is a t io n  from I t  e th e r- lig h t 
petroleum * y ielded  the  earb in e l ( 0 * 8  g -  c a lc , 0,84 g } in  needles »
M.P. 85.5*0 t alone ©r mined w ith an au then tic  specimen,
2  ) With Acetyl..O hleride,A M .,Pgrldlae.—. Acetyl ch lo ride  ( 2  e .c ,  ) m s  
added drcpwise to  a  cooled se lu tie n  e f  th e  carb ino l ( 2  g ) in  pyrid ine
( % e .c .  ) ,, A fter warming the  M atu re  gen tly  fo r  few M an tes » i t  m s  * 
d isso lved  in  acetone ( 2 0  e .c .  ) and se lu tie n  decomposed with ice -co ld  
d i lu te  hydrochloric ac id . The o ily  deposit ea standing changed iat© a
■ '  ' ■ 6
‘ tfo ite  solid, which .o ire ry e ta lU  cation  frem ’eth© relight petroleum $ y ielded  
phenyl-^-n&phthylc&rbinyl ace ta te  in  almost co lourless needles $ M.P. 80- 
. §0*S@0 * alone or mixed with an au then tic  specimen. Yield , £#2 g t 93 %m
3 )  .With .Thionyl ...Chloride# lhi©nyl ch loride ( 7 c .c .  ) was added slowly 
to  a cooled so lu tion  of the  carb ino l (3 g ) in  benzene ( SO c.c# } « The 
m ixture was heated under r e f  lux ( 1  hour ) u n t i l  no more hydrogen ch loride  
and sulphur dioxide were given o ff  I th e  fcrowa coloured so lu tion  produced 
was heated under re f lu x  ( 30 mine* } with animal charcoal and then f ilte re d *  
1 f t  or removing th e  solvent from th e  f i l t r a t e  » phenyl-*<-naphthy 1  ch le re- 
melh&ne c ry s ta l l is e d  from l ig r e ia  in  c lu s te rs  e f  sho rt needles » M.P. 57-8? 
E eerystalH sod  fro® e th e r^ lig h t petroleum in  needles M.P. ..59*<J *
Yield » 7 g * 78 j£ * Further re c ry e ta ll is a tio n s  e f  th e  ch lo ride  did  not
r a is e  i t s  M.P. ( Morris & Rl&ke i J.A.G.S# -  192S * 50 $ 1812 -  giv®
th e  lf.P* o f phony l-* -aaph thy l chleremethane as 64-64*5*0 ) *
A so lu tio n  e f  th e  ch loride  { 1*50 g ) in  a lcoho lic  potash ( 7S c .c .  e f  
0*09483 M ) was heated under re f lu x  ( 3 hours ) * Potassium ch lo ride  m s  
Slowly d e p o s i t e d  m  a  white c ry e ta ll in e  powder (  0*4 g -  calc# 0*44 g ) f 
and th e  a lk a lin e  f i l t r a t e  n e u tra lise d  1 0 # 1 0  c .c .  e f  0*11737 M hydroC h l o r i c  
acid  ( c a lc . 10*08 c.c* } * F o u n d  *: M.W# 234 * O j^ I^ C l re^ iirew  
M.W# 252*8 • th e  n e u tra lise d  so lu tion  » a f te r  concentrating to  30 c . c #
was mixed with an equal velu&e o f e th e r * washed with water and d ried  ever
potassium c&rhonatef A fter concentrating th e  e th e rea l so lu tion  and 
add ition  of l ig h t  petroleum * pheny l-* -naph thy lc» rb iny lethy l e ther ( 1*42 g 
m s  d e f f s i te d .in  Short c ry s ta l lin e  needles f M.P* 44-5*0 * Recry e t& llised  
frpx  th e  same solvents in  short, needles » M.P* 47*0 * alone ©r mixed
*w i t h  an au then tic  specimen of th e  e th y l - ,  e t h e r *
In  th e  im alyait e f  th e  ^ l a r i i #  # # G1 13*5 § O H _CX req u ire s  14*C$
m\..M e ra tu re* - No r e a c t i o n ' t o o k  p lace  when th  © carb ino l m e
heavy ee leu rle ss  o i l  which s o lid if ie d  on s i  ending ini® a  w h i t e  c ry s ta l l in e
' e«rbe&-disulpfcide'i* co lourless prism atic. n e e i le t  # l .P *  59®G » alone or 
mixed with an au then tic  specimen*,: . . . V " ;
i  1 lE th  Acatvl Oh 1®rid®. ". Acetyl ch loride  ( Z c*e. ) was added to  the  
carb ine! ( % g ) a t tm m  tem perature |  th e  l a t t e r  went almost immediately 
in to  so lu tio n  which developed an'orange colour* A lter, drying in  vacuo over 
cau stic  potash $ ph enyl-^-maphthyl ehloremethane d i s t i l l e d  a t  228®0/l6 urn* 
as a  co lou rless viscous o i l  which so l id if ie d  on cc© ling: $ M#P« C •
I t  c ry s ta l l is e d  from l ig ro in  in  c lu s te rs  e f  short noodles » K*P* 59 @G#
tr i tu r a te d  with cold concentrated hydrochloric acid  § even when th e  m ixture 
 was l e f t  standing in  a  closed  te a s e l  a t  room tem perature fo r  severa l days*
A so lu tion  of th e  carb ino l ( 12 g ) in  acetone ( 15 ©*c. )
was .gradually added to  hot coaceatra tsd  hydrochloric, acid  ( ICO c*c* ) *
at, 8 0  C # th e , ©up©matant XiquidA fter heating  ( SO miss®* ) . t h e  m i x t u r e   ® » e . s u p e r n a t a n ,  l i q u i
was decanted ©ff , and th e  o ily  product washed w ith concentrated hydrochloric 
■acid ( 1 0  e*e* ) and. d ried  1 m mm®  ever cau stic  potash*. The sem i-solid- 
product was ex trac ted  with hot l i g h t : pettoloum » and a f te r  evaporating th e  
so lvent $ p h o n y  l - ^ - n a p h t h y l  chleromeihaa# d i s t i l l e d  a t  2B0®C/17 m * a s  a
sp lid  f !•!>* 58*0* Yield » > '.f  t 75 % * I t  c ry s ta l l is e d  from l ig ro ia  e r
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alone or mixed; with. • an a u th e n tic . specimen of ■ th© ch lo ride* , Y ield » 1 . 2  g *
6 . Action. Of;Heat* Th© carb ine! ( 3. g. ) m s  heated &t,i5G-5®G fo r  ■ '
35 hours » when I t  developed, ared-brow n colour*. - The viscous product was 1
•extracted with : e ther ( 60 c.c* )■ i*;.end heated . an’der: r e f  lux { 30 mini*-') v '  ■ %
with 'smiai&i charcoal* A fter concentrating th e  f i l t r a t e  and addingbensea® '# 
dipphehyl^^nphthyietirhinyl'Aether' wai"deposited' » ;M*P*"l64-5®0 ‘j i t : J 1 
c ry s ta l l is e d  from acetone in  '-'shite "glistening ne'edie»-'i#\M#>*:172"3*C-y!'-'-':-'''
■ Yield # 0*3. g * Pound ,  G tO*G » H 5*72 *■ . require#
C 90,1 , H 5*77 $ ,  : \ .  ,r. V/)' \
■ The ©ther-heaseno f i l t r a t e  on''standing deposited th® carb ino l ( $ g ) *• ,f
h *p * 5B*$®g *
' I n : a separate  experii&tnt th® carb ino l 'was heated a t  ’ 155-160®G fo r  6  hours »
. i t  developed a yellow colour * but p ra c tic a lly  a l l ,th e ..carb ino l was.recovered 1
unchanged* , v , 1
Reaction6 Of  -Fhenvl-iC-WttPhthvl Chlereaethsne* . ;
1 I with Water* ■ ]
a) At M m  Temperature* An e th e rea l s e lu tie a  e f .th e  ch loride  was nixed
with water j the. aqueous lay e r a f t e r :standing; a t  reea,; tem perature for.--.- {
' i
several days > 'shewed no ac id  rea c tio n , ■ j
' I
• ' • I
b) At 9Q®0 » Th® chloride { 0*50 g ) Was heated with water ( 50; c*c, ) on
'•a
th e  steam-bath f a f te r  few minutes th e  water developed an. acid  reac tio n  .   ^
lh© m ixture was t i t r a t e d  with 0*09783 M cau stic  soda so lu tion  a t in te rv a ls  
e f  one hour * t i t r a t i o n  values ar© recorded-in.th e  follow ing '-j
ta b le  i
v ‘
AtJBaAjftf i-, 1 s t * 2 n d *  ;; 3rd* : ; 4 t h * 5 i h . :;; 6 th* 7 th . mh* Em r
I t*  Of '.c«e* :0f ■ ■- '.r !.■ '/■ :>;■ - '= v
MmOH:r® ^iirM ..For ' 12 ' 3 .4  1*3 . 0 * 8  0*7 C.$ 0*4 0 .2  ©»e*
n e u tra lis a tio n *
V . ■ ; .  _ • ; ; • '• 1 ■ • • •
Hydro ly e is  of th #  chloride  in  water vac eomplet© i a  8  hoars » and the  
a o id io ;so ln tio a /ao u tra liso d  19*5 c.c* ®f 0*0978$. g  caustie  soda so lu tion  
, ( calc* 19*7 e«e« ) • The so lid  produet a f t  or drying c ry s ta l l is e d  frora ,,
-fcetitftael »' y ie ld ing  th e  earh inel ( 0 .4 4  g * calc* 0 .4 6  g ) in  n e e d le s * "X-
St.?. : 85*5*0 * ; ;.• 1 i ’ t'
2.i) H th  Stdiiia.JB*!rsltton.s...SuiRhinats © A so lu tion  ©f equimeleeular -
p roportions ©f th e  chi©rids and sodium -£«telu@n® sulphinat#  in  aqueous 
acetone was lo f t  to  stand a t  room tem perature i a  a  el©sod vesse l fo r  severa l 
days* Mo ©ulphcn© was formed* " " ■ : • :
In  a. separate  experiment ' th e  so lu tion  e f th e  ch lo ride  and sodium j>*»t@luen© > 
culphimate in  aqueous' acetone was heated under re f lu x  fo r  3|- hours $ no 
sulphon© w&s obtained*
In each ease $ sodium ^-to luene  sulphin&t# and th e  ch loride  wore recovered 
unchanged . A small amount e f  the  etsrbinol was obtained due t® p a r t i a l  
hydro lysis ©f th e  ch loride  * >
3 } n t h  'Absolute Ethyl Alcehel*' v A so lu tion  e f the . ch lo ride  ( 2 g ) i a  
abso lu te  alcohol ( 30 c .c .  ) was heated  under re f lu x  fo r  % hours . A fter 
evaporating th e  solvent * th e  e ily  product g e l id i f i#4 ea fe e lin g  and 
scratch ing  $ M.P* 4Q»$#G . '  I t  c ry s ta l l is e d  from l ig h t  petroleum » y ie ld ing  
pheny l^neph thy lc& rb iny l e thy l e ther i a  co lou rless needles » M.P* 47°G #
aleise ©r mixed with m  au then tic  specimen e f  th e  e th y l ether* Yield# 2 «G$ g.
Ihen hrueina # einch©nidine §■, quinine § quinidin# » end iitry lin in g  ; W©r® v,
used fo r  preparing ‘the  alk&Xoid&l s a l t s  » th s  's te resiseiap rides could n e t b® 
■ ^  
fra c tio n a lly  c ry s ta l l is e d  f r m  .various solvent s a n d  th e i r  m ixtures * due ; •;•
to  the  separa tion  e f  th e  a lk a lo id s! - s a l ts  in  th e  form o f' gums* '• '
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m iQ A M & m m m *  c a rb in o l
Preparation Of Thleanigole.
l...)„Bg...The A ^ipa^O fM tihyl Iodide On Absolute Alcohol
f# a  se lu tie n  e f  sodium ( 4 ,2  g ) in  absolute alcohol ( 100 e ,e ,  ) v is  
added th iophenel ( 2 0  g ) * and a f te r  eoeling $ methyl iod ide  ( 25*3 g ) 
was added slowly with shaking, She re su ltin g  so lu tion  m s  heated under - 
re f lu x  ( 30 mine* ) * and then  poured in to  water ( 150 e,e* ) »r Th® e l l  
ih ieh  separated Was ex tracted  with e ther ( 2 0 0  e,e* ) > washed with caustic  
coda f then  with m te r  and f in a l ly  d ried  ewer calcium ch lo ride  * A fter 
evaporating th e  solvent $ th ie& nlsole d i s t i l l e d  a t  82#C/1S mm*
T ield » 12*7 g » 88 j£ *
vr ■ . . . . .
2 ) Bv.The Action Of tftincthvlaulphate On Sodium. ThiophsaaiS,
9
Thiephenole ( 1 1 0  g ) m s  dissolved in  a  ho t so lu tion  ef,- eau stic  soda 
( 40 g in  2 0 0  c .c ,  ©f m te r  ) forming a  c ls a r  and s l ig h tly  yellow so lu tio n , 
Bimethylsulph&te ( 130 ggj m s  added during 30 minutes with shaking t@ the  
ex te rn a lly  cooled so lu tio n , The*mixture m s  heated under re f lu x  ( 30 mine, ) 
to  complete th e  reac tio n  » then  caustic  soda ( 1,3 g  in  20 c«c, o f m te r  ) 
was added » and heating  under re f lu x  m s  continued fo r  another 30 minutes 
to  decompose any unreacted dimethylsulphate* A fter cooling » th e  rSaction- 
•mixture was shaken with e ther ( 2 0 0  c*c, ) » th e  e x trac t washed with water
and f in a l ly  d ried  ever calcium chloride , ih io an iso le  d is te l le d  a t
Z l
82°C/18 am, * 1.054? , a?°° 1,5835 .  T1.14 , 118 g I 90-1 % .
The hoi lin g  poi&ts e f  thie&nls©!# a t  ;variett« p ressures a re  recorded in  the  
follow ing ta b le  t
' B.F. ' l a  *G ' Pressure In sms* Rifcrones
; ; m  " ■ ( i )
m - a  ; ?6o .. /  . ( 2 )
; • M  / 40 ■ .:/■-/ - - • -
82 \ : ,,, . 18 ■ 
s o  , , u
76 , . , .. 10
74. , 9 ... . , ,
,v ; .:: s a - 6 o  6 sW , ( 2  )
( 1 ) ; Bourgeois and Abraham i Roo.dts, Trm* Chim# -  1911 » 413 #
( 2 ) Suter and Hansen «... J*A«G#S# * 1932 t .54 $ 4101#
Oxidation Of B tlean leo le  Te Methyl Fhsnvi gulphoas# ,
1 ) By Means Of Potassium F e w i a f t f l i n a t s  l a  G lacia l'A ce tic  Acid. T@ a  se lu tie a  
e f  thlo& nisol# ( 2  g ) in  g la c ia l  a c e tic  acid  ( 2 0  e,e* ) 'potassium  
p e r m a n g a n a t e . (. 4*5 g ) m i  slowly added ( 1 0  rains, ) $ and the  m ixture heated 
on th e  stesm-hath fo r  1 hour, The re su ltin g  so lu tio n  * a f te r  d ilu tin g  i t  
with acetone { 1 0  e ,o , ) and deeolourising i t  mi th  sulphur dioxide , was 
poured la te  a  cold concentrated so lu tion  e f  siaaoaiuai ch lo ride  ( 2 0 0  c .c , ) . 
Concentrated ammonia was added slowly u n t i l  the  c le a r  so lu tion  was 
d is t in c t ly  a lk a lin e !  Methyl phenyl sulphonw was slowly deposited as a  
white g lis te n in g  so lid  » M.P# 87-8*0 #. I t  separated from h o t  water in
15
white g lis te n in g  p la te s  # M.F. BB®G * Y ield * 1 g ,  I t  i s  in so lub le  
, i a  l ig h t  petroleum > sparingly  soluble in  e ther » very soluble i a  acetone 
and a leohd*
( B rugnatelU  ( i l t l r*  G um * * # (2) > 40 # 511 -  gives th e  M.P. of
■ ■ methyl phenyl sulpboa# as B8®C ) #
' .2..:l..IBy..,M<taai M..lfyirt t^i..P i^teEide Jn,Gteial_,Acetie;..i.eid.' V T© & selutiea 
©f thioanie®!© { 2 g } i a  g la c ia l  ad e tic  acid  { 15 e .c . ) hydr©gen peroxide 
( 16 ©,©, o f *90 v c ls . * ) m s  added^ The c le a r  gc iu tioa  # a f te r  standing 
room tem perature fo r  1  week # ’w&s poured Ini© cold d i lu te ’ c au stic ' soda' ‘' 
so lu tio n  ( ISO e .c . ©f 6  % ) § m ethyl'phenyl gulphost® was deposited in  short 
shiny needles t  M.P. 84-S@G |  i t  c ry s ta l l is e d  frem acetone i a  large''' 
e c icu rie ss  rhombs # and from methanol i a  whit© shiny p la te s  # M.P. , 
.Y ield # 1.65 g .  : ;.■ '.-V'
iltrcg c^ Y h ieah iio le .. . i /
To a  w an  so lu tion  ©f thic&nisol© ( 12,4 g ) in  carbon ,&isulphide ( 20 e.c* )
& so lu tion  c f bromine ( 16 g ) in  carbon di sulphide m s  gradually  added 
% SO rnins. ) .  The m ixture was then  heated ( 1  hour ) under re f lu x  u n t i l  
m  more hydrogen bromide m s  evolved* A fter evaporating th e  carbon di sulphide ■ 
the  o ily  product was washed with d i lu te  cau stic  soda # w a te r#  and ex tracted  
with e ther and dried  ever calcium ch lo ride . A fter evaporating th e  solvent > 
th e  ©ily product s o l id if ie d  ©a c e d in g  y ie ld ing  g-br©m@-thi@anisol# as 
Oh whit© shiny c ry s ta ls  # M.P. 36*5-37®C J  i t  c ry s ta ll is e d  from methanol in
j U  « i t .  shiny flats* , M.P. 37»5°Q . Yield * 18.3 e • ■
f C- ■
( van Hove I B u ll, See. Acad. Hoy* Belg. -  1926 # (5) # 1 3  # 929 •  gives 
'h° ? th e  M.P. o f £-brom©*thioanisol© as 3 7 . 5 °C ) .
Assolution ©f |>-br om©-thio anisol® ( 2 g ) in  g la c ia l  a ce tic  acid  ( 25 c .c .  ) 
and hydrogen peroxide ( 10 e .c . Of *90 v e ls .*  ) a f te r  standing a t  room 
tem perature fo r  1  m%k » was poured in to  a n e q u i valen t so lu tio n /o f co ld  "-v~.. 
d i lu te  cau stic  soda # £-m@ihylsulphonyl-brom©b®ns®ne ( 2 . 1  g ) was deposited 
as white s h i te  shiny c ry s ta ls  * M.P., 1Q3-4®G j i t  c ry s ta l l is e d  from 
methanol i a  white Shiny p la te s  $ M.P* 1O4*500 * { van Hove ? le e * c i t . -
gives th e  M.P. o f £*aethyi*ttlphenyX*bremdben*ene as 1Q2-1O2,5®0 )• ,
I t  d id  not re a c t with magnesium.in presence e f e ther to  form th e  0 riga&rd 
compound, .
/  . . .  * ; .
■ . /  ( ■; : ■' / ‘ ' y. ! . ' '
Thieanlavlphsnvl Keteae.  \ /  ■" '■■■■'
Thioanisole ( 93 g ) $ benzoyl ’ch loride ( 87 c .c .  ) and carbon disulphide 
300 c .c ,  ) were introduced in to  a 1-l i t r e  three-necked f la sk  provided with 
a  condenser and a  mechanical s t i r r e r .  Powdered anhydrous aluminium 
ch le rid e  ( 112 g ) was gradually  added { 45 mins, ) with s t i r r in g  * Th®  ^
vigorous reac tio n  produced a  reddish-brown so lid  with copious evolution ©f 
hydrogen ch lo ride , During the, add ition  .©f.the  aluminium, chloride,i » the  
tem perature was .kepi belew 20® 0 ,by ex ternal eoo'limg . A fter th e  complete , 
add ition  e f  th e  aluminium ch le rid e  * s t i r r in g  was continued fo r  1  hour a t 
room tem perature $ and then  fo r  another hepr a t  40«5®C...... The m ixture was
Aeft to  stand vernight a t room tem perature. The b rcm  Solid aluminium 
complex { sometimes b lu ish -pu rp le  » due mainly te  aluminium ch le ride  e f  
in f e r io r  q u a lity  and to  d iffe re n t tem perature conditions ) was f i l t e r e d  
o f f  9 washed with carbon disulphid® f  30 c .c . ) #  drained and then
XT
'"decomposed'with .ice-co ld  d ilu te  hydrochloric acid  ( 60 c .c . of cone* acid  in  ’• 
100 ©*c. of /w ater }; >■ ! The ac id ified /m ix tu re  m s  heated on th® siesm-b&th , 1 
( 30 mins, ) 4® eoi&pleie th®. decomposition of th e  aluminium complex and to 
get r id  of tra c e s  of carbon disulphid®. The ho i » o ily  product was poured 
in to  crushed ic e  # i t  rap id ly  se t d a te  a  c ry s ta l l in e  so lid  which a f te r  
f i l t e r in g  » trahhing with m te r  > d ilu tS  cau stic  soda § then with m te r  $ and 
drying $ y ielded  153 g { 90 % ) of th iean isy lphenyl ketone > M.P* 75-6eG *
I t  separated:from  e th e r- lig h t petroleum in  almost co lourless rhombic . 
c ry s ta ls  » M.P. 7S®G ( s h a r p } * and from methanol in  prism atic  needle® #
M.P* 78®0 # I t  d i s t i l l e d  unchanged a t  221@G /ll  oak* I t# 3moderately so luble '/ 
in  ntks* cold e ther and alcohol > very soluble in  acetone. *-«asdsgg^4ngly 
selubXe-in hot water* : Found % 0 73*3 , » M 5*4 » , ’g 13*4 ■
C ^ O S  req u ire s  C 7 3 * 6  * H 5*3 » 6  14*0 % #
Preparation1 Of g-Methvlsulnhonvlhensonhenone* . .
A ) By The Oxidation Of T hloanisT lshenrl1Ketone . ""
1) By Means Of Hrdregett Peroxide In  .G lacial Acetic Acid. To a  so lu tion  
e f  th e  ketone ( 1  g ) in  g la c ia l  a c e tic  acid  ( 2 6  c*e. ) hydrogen peroxide 
{ IQ c .c .  e f  *2 0 -wels** ) was added • The homogeneous m ixture » a f te r  
standing in  a stoppered yesse l f e r  1  week $ was peured in te  ice -co ld  m te r  
( 4O0 e*c* ) * £«M®thylsulphenylhens@phen©ne was .deposited as w hite shiny 
c ry s ta ls  » M.P*. 135-6^0 |  i t  c ry s ta l l is e d  from alcohol in  g lis te n in g  p la te s  > 
M.P* 141#G . Y i e l d  t i g *  I t  i s  Sparingly soluble in  ho t water*
Pound i S 11. 8 » V u ° 3 S require® § 12*3 $  <*
:Te a  : .
; so lu tio n  e f  th e  ket©ne (: 2  g  ) i a  g la c ia l  a c e t ic  ©.©id { 25 c*c. ) * pei&g&iua 
p ermwaganfcte •(- 2*13 $  J m i  added slew ly  with erfcern& lceeling* A fter ' , 
h sa tin g  th #  m ixture ©n th* stems-feath ( 4Q mim* ; )  m& d sco leu rid in g  th e  ■ 
excess e f  peiaftsiwoi permanganate with. sulphur d ie x id e >  i t  was pettred .in te .;: 
ee ld  m te r  J 400 @*e« ) #. £^#toylsulpli©syl]5saasp!i,sn@a« ssp aratsd  . a i  a  : 
■white © slid  * M*F* 136*7®$"* I t  ..ety«tai3K»s'di fr e m .a ie e h e lj ia  m a l l  .-tb its  v 
g lis te n in g  p la te s  » M.P*. 141®G « _ Y is ld  »;i;.2#X g $ $%.,%'?,
B'4 E¥ The O aidatiea Of Thieanisvlnheavl Carblnel*
A se lu tie a  ef petassiuis permanganate ( 2*5 g ) i a  water ( 10 c*e* ) m $
slewly added te  a  se lu tie a  e f  the  earfcihcl ( 1 * 0  g ) in  g la c ia l  a ce tic
acid  ( 23 c*c, } • The hemegeacu# m ixture * a f te r  standing mi ewernight a t
reem tem perature and d ecsleu riiin g  i t  with sulphur iie x ld e  » was peured in te
eeld  w ater£ -M etfay lsu lp h en y lb en sep h en en e  separated as a  w hite s e l id  in  
a  f in e ly  divided s ta te  $ i t  c ry s ta l lis e d  f re a  a lceh e l in  shiny p la te s  »
&*F* X41®0 §; alene ®r mined with a  specimen prepared by th e  e th e r metheds * 
Yield #0*7 g y  !
.nheavl Ketens Te The Qt /
1 )  -by M e a n s ' O f S e d i u a  J a s l g s m 'And • • i l d e h e l i ' : V • T e  a  s e l u t i e n . e f  t h i e a a i s y l -
phenyl let®a® ( 37 g ) in  s leeh e l ( 250'e*e« e f  96 % ) * ' sediua amalgam 
( 30 g e f  sedium i n '500 g mercury } was gradually  %dded with ex ternal 
ceeling  * A fter standing e re rn igh t a t ' reea  tem perature » : th e  mixture' was' 
heated  under.re f lu x  ( 6*7 h e a r s ' ) 'and.then the  c le a r : se lu tie n  was decanted 
in te  ice -co ld  water ( 2 litre®  )« Thiesnisylphenyl carb ine l ( 54 g )
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separated &S •«: white. © s l i d ,  M*P. 92»3@C .. I t  i s  .medsrately selufele An cold 
e ther and e mrMn d i sulphi & a # I t  erysi& lHsed-from  .e th e r- lig h t p®br®mm ©r 
carbon .disulphide in  w h ite .sk s ilk y  needles * K*P# 94®G {■ sharp )♦ ;
Y l a i d  * 96-7 £,* ^’^ v-
2 ')  By Meant Of Zinc Purs «' Caustia Sgda And Alcohel* ' T@ a so lu tio n  e f 
: th isan isy lphsziy l.k stsns ( 46 g ) in  alcohol ( $ 0 0  e*e* i f  96'% ) » caustic  
: soda { 46 ’g ) an d 1 s in s  4 u s t '(  46 g } were added # The m ixture V a f t e r -
. heating  under re f lu x  ( 5-6 hour® ) '$■ was f i l t e r e d  h a t  and th#  re s id u e 1 ■
' washed with hot aXcehel ( 30 #*.©* e f  96 % ) ; * Th© coiiibined f i l t r a t e  and 
. washings were peured int® ice*eeld  water ( 2  l i t r e s  ) , f th ie sn isy lp h esy l - 
©arfeinel separated as a white «@lid ( 46 g ) * M.P* 92-3eC * I t  c ry s ta l l is e d  
from e th e r - lig h t  -petrel'suai in  w hit# s ilk y  needle® » M*P«, 94^0 * Y ield * 96 
. TmmA * C 72*81 \ > H 6*16 h § S 14*00 * - C^H^OS ' require®
C 7$*04 # H 6*09 * 6 1 4 * 1 ^  1
^ B re m s th is e n is e ie ( 2*1 g } in  e ther ( 10 c*c« ) was added d rep v ise .te  |
magnesium ( 0 «3 g ) cewer®d fey, d ry , e th e r and h e a te d . gen tly  under re f lu x  . *.,
Th# sluggish re&ctien was in i t i a te d  fey a  c r y s ta l . e f  io d in e ,e r  & drop e f  ' ; ;|
methyl led id e  * l i t e r  ad d itiea  .ef ,the.feromid#. ( 1  heur ; heat i ng under : : 
re f lu x  was ©©ntinued fo r  snether. fceur'• Bensaldehyde A  6  ) i a  ' :f!
e th e rea l se lu tie n  was added slewly t ® t h e  whit® Q rlgnard.preduct with ex ternal Ml 
e© elin | and shaking * Ifce Grlgnsrd complex was decempesed with celd  d iiu te  t\
fely hydrechloric  acid  « A fter ex trac tion  with other » drying ewer calcium 
c h le rid e  % swap®ration e f se lu tie n  t® a sm all bulk * and add ition  e f  l ig h t
■ 20
petroleum t 'ih im ni& ylphm jX .-'earbi&ei separated  i a  noodles #M.P.94®C $ 
a lo f t©  ©r mixed w ith  ifesx a  specimen ©f th e  carbine1  prepared..by th e  e th e r : 
m e t h o d * I  4 4 ;- 
4 'm ixture ©£; th e  I e& rbinel; an t methyl/ ied ii©  ■ wst© k e p t;i a  a closed :vesse l ■ a t 
room: tem perature £©r severa l days; V '/Ia another ©xp©rim©nt:a  solution, ©f the  
tu rb in e !  i a  e ther and' methyl io d id e ! m s  kspt i a ; m:. closed vesse l a t  room ’ ■ 
tem perature fo r .s e v e ra l days*. In  botn cases the  carbine 1  mas recovered - 
unchanged, I t w a s  ebvieus that.n© sulphoniiua iod ide  d e riv a tiv e  vas 1 
f©rmed . . . '
The c&rbin©! § a f te r  heating  a t  145®G fo r  1 h m r $ was recovered unchanged.
T® a sclutiem  ©£ p h th a lic  anhydride' ( 37 g ) i a  pyrid ine  ( 40 ©»c« ) 
t h i ©anisylphm y l  carb ine! ( 57,5 g } was added * and ih a  m ixture m s  heated 
m  th e  steam-b&th u n t i l  homogeneous ( 15 mine* ) . I h is  so lu tion  was - 
heated ( 3 hour® ) ©a th e  w ater-baih ( 50-6OQG ) and then l e f t  to  stand 
©vernight a t  room tem perature The o ily  product was dissolved; i a  acetone 
( 50 e*c. ) and so lu tion  pcurtd  in to  ic e -co ld  d i lu te  hydrochloric acid  
t  1 0 0  ©,e# ©f con©* acid  in  2  l i t r e s  ®£ v a te r  .)• The o ily  product ir&s 
d isso lved  i a  acetone and again poured; in to  ice -co ld  d ilu te  hydrochloric , . 
acid  in  order to  remove tra c e s  of pyridine* The o ily  product s o l id if ie d  
( 2-3 hours ) in to  a ©hit® c ry s ta ll in e  so lid  $ 1I*P« 118*120@G • I t  
c ry s ta l l is e d  from b en sen e-lig h t' petroleum in  hem ispherical c lu s te rs  ©£
#iit®  needles f M.P* 123-4@0 »■ and.from carbon d isu lph ide in  sho rt s ilk y  . 
needles , M.P* 123-4#G » Y ie l^ f  the  hydrogen phthaUC e s te r  t 85 g t 9($*
On rap id  i i i r& tic a  with 0.03851 $ Caustic .soda # the  hydrogen'p h th a lie  • ■:>" 
e s te r  ( 0*534  g' } n e u tra lise d  14,2'c*©* {• calc *""14* 3- ©«c, ) *•/ -  Found'
M.W, 382 ::i ; 'Og^ l a Oj|$ r®c|uir®s'M*¥. 378 ,  '
®iea a so lu tion  o f th e  hydrogen p h th a lie  e s te r  ( 0*80 g ) in  alcoholic: 
potash ( 0.CS696 N } was heated under re f lu x  ( 30 mint* ) § th e  e s te r  
n@utrsdi.sed 30*28 c.c* ©f th e  a lcoho lic  petash ( -/eal©* 30*23 e.e*} • Found ■
M.W* 378 9 C5J1 0 8 require#- M*W* 373 * From th e  n e u tra lise d  so lu tion  of V®
do 1© 4 •■ ' - ; , • - V-’-
th e  hydrolysed' e s te r  $ the  recovered carb ine! ( 0*30 g ;» calc* 0*304 g ) . 
m ilted  * t 94*0 .  '
M -ThiaanlBylshenyloerM m rl Hydrogea F h thala te . :
:Quinine ( 95 g ) was added to  a  warm so lu tion  of th e  dl-hydrogta p h th a lic  y ,
.e s te r  ( 95 g ) in. alcohol ( 2 0 0  c.e* e f  96 f  ) * and th e  c lea r sc lu tien  : ■ j
a f te r  standing overnight a t room tem perature $ deposited th e  quinine s a l t  -■ | 
©f the  laevcro ta to ry  hydrogen phth&lat# » which a f te r  th ree  r© cry sta llisa tio n s  
from th e  same solvent * y ielded  quinine ( - )-thi© anisylph© nylcarbinyl hydrogen j 
ph th a la t#  ( 40 g ) a s 'i h i t e  shiny crystal** M*P* 116-7®G * This ©alt. was ' '{
dissolved in  tw ice i t s  weight ©f acetone'* and th e  ©elution decomposed with 
cold d i lu te  hydr®chloric acid  |  i t  deposited (•}«thi©ahi#ylphenylc©rbinyl j
hydrogen phth&lat© ( 19*5 g ) * M*F* 95-o*C * . i t  >«p«rat©i f r w  carbon- / -i
41 sulphide in  short fibrous. n m M m  * M*P* 96-7®G * E oiatcry powers are  j 
recorded in  Table I  *
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TABU! II
Heura. 0 3 86 51 71 103
W b°° -18.6* -17.7* -14 ,4° -11,8* -10.2® -9 .0
Tims In
Hours. 151 199 871 814 366 460
W d° -7.7* -6.3® -3 .9* -3 ,4*  -2 ,0° 0*
{ e ,  5.018 1 » 2 ) .
T43LS III
G laelal Aestle la id  At 100*0.
B a« Ia Kins. 0 45 60 90
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( -  ^ -Ih iean i svlchenvl Carhinoll '■■■ p,
IB® &(-)-Hydrog©aphth&lic ©star ( Z g >  r^l -30*4 i a  carbon disulphid® )
J jj
m s dissolved in  a so lu tion  of sodium ( 0*5 g j )  in  absalut© alcohol
( 20 c*e* ) and heated gently  fo r  a  few minutes * On d ilu tio n  with
water » {-)-4hi®ani sylph ©hyl e'arbinel separated as a ‘whit© so lid  #
If * P. $344®0 i i t  c ry s ta l lis e d  from carbon d isp lphide in  c lu s te rs  of 
short nexid* needle* ,  E .P . S6-T®0 . Y ield , 1 .0  g . [^ ]^°° -13,5®
( c f 6*001 1 t l |-  ) in  carbon disulphid® *
Conversion Of («0-Thieattisvlphoarl Oarbinel In to  I t s  ( -I-Hv&rogea 
F hthalic  E ste r* .-
Si© ( - ) -c a rb in c l  ( 0*575 g #[«L -13*57® in  carbon disulphid® ) was 
aided to  a  sc lu tio n  i f  phihadic anhydride ( 0*37 g ) in  pyrid ine 
( 0 . 5  e.c* ) ♦ The m ixture * a f te r  heating  ©a th e  m te r-b a th  ( S5~60eC ) 
fo r  30 minutes and standing a t  room tem perature overnight » was d issc lved ji
in  an equal relume e f  alcohol and poured int® ic e - c c l i  d i lu te  
hydrochloric acid* Hi# o ily  deposit so lid if ie d  rapidly* T ie ld  o f th e  j 
hydrogen p h th a lic  e s te r  » 0*8 g » M.F. 90-l®C |  i t  c ry s ta l l is e d  from 
carbon d isu lphide in  short s ilk y  noodles |  M*P* 96-7°C • I t  had 
-29*0® ( c > 2*501 i 1» 2 ) i a  carbcn i i  sulphide*
The ( - ) -c a rb in c l  and i t s  (-)-ky irogea  p h th a lic  e s t e r .raeeoised  much mere
*  ,l*r% a < « H t  B C u f
rap id ly  a t  100 0 than  a t  room tem perature^* Rotatory powers a t  various 
in te rv a ls  ere  recorded in  ta b le s  I I  t® I  •
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Preparation Of Thloaaiavlnhenvlcarbittvl Aoetate. \/-
X .V.-By ..The Action Of Acetic Anhydride On The Carbinol.  A m ixture of
th e  carb ine! ( 2,3 g ) * acetic© nhydride ( 1.02 g ) an d p y rid in e  ( 2 c .c)
was warmed ( 1 min, ) ©n th e  stema-bath u n t i l  homogeneous. A fter
standing a t  room tem perature f c r  2 days » i t  was mixed with an equal
velum© ©f acetone and poured in to  ccld  d ilu te  hydrochloric acid
( 1 0  e .e ,  o f coac. hydrochloric acid  in  300 c .c . of water ) .  A s l i ^ i t l y
yellow  ©11 was deposited » which a f te r  ex trac tio n  with e ther , drying
ever calcium ch lo ride  » and removal of solvent $ gave thio&nisjrlphenyl-
carh iay l a ce ta te  » B.P. 221®C/15 m s ,  as a  co lourless c i l  • \
20®n ‘  1.5912 .  Yi«ld , 1.9 g .  Found t C 70.25 , H 6.22 ,
0 H <L$ req u ire s  0 70,58 » H 5,88 j£..#
16 16 *
The ace ta te  ( 0,566 g ) a f te r  heating  ( 1 hour } under re f lu x  With
alcoho lic  potash , n eu tra lised  23,81 c .c . ©f 0.06696 M alcoho lic  potash
( c a lc , 23,81 c .c .  ) .  Found V l.W , 272 V 0, H O S req u ire s  M.W. 272 ,
' 16 16 -2
The n e u tra lise d  a lcoholic  so lu tion  y ielded  V  a f te r  pouring i t  in to  cold 
water $ th e  carb inol ( 0,45 g -  c a lc . 0.48 g ) M.P. 94®0 » a lcae  or 
mixed with an authentic  specimen of th e  ca rb in c l.
l a  a  s im ila r experiment , th e  th ieanigylphanylcarb inyl ace ta te  ( 1.82 g )
20® & p ■prepared as above t from a  m ixture e f  th e  carh in c l ( 2,3 g § -8 .6  i
in  carbon d isulphide ) » a c e tic  anhydride ( 1,02 g ) and pyrid ine  ,
2 0 ®  : f l  ti
( 2 c .c .  ) f 'had -29#4 ( c $ 3.756' 1 # 2 ) in  carbon |
d i su lphide, ■ ■ -
2 ) By The Action Of Acetyl Chloride On The Carblnel,  To a  cooled 
so lu tio n  ©f th e  carb inol ( 2.3 g ) in  pyrid ine  ( I c .c .  ) a ce ty l
chloride  ( 0*8 g ) was added dropwise* lh© vigorous reac tio n  produced 
a  yellowish-whit® seH d § which a f te r  warming fo r  few minutes ©n the 
steam-bath i ;  was dissolved in  acetone ( SO c.c* ) and then decomposed 
With ice -co ld  d ilu te  hydrochloric acid* 2h* yellow o i l  deposited * 
y ielded a f te r  ex trac tion  with e ther * drying ©wed calcium chloride  
and removal of solvent # thie& nlsylphenyle& rbiayl ace ta te  ( 1 * 8  g ) f 
B*P* ,  SSl#c /lS  mm.'; 1
In  a  ©imilaw experiment » ace ty l chierid® ( Q03 c.c* ) was cautiously  
added to  a cooled so lu tion  e f the  carh ino l ( 0*8 g $ -8*6® la
carbon di su lp h id e^  Thioanisylphenylcarhinyl a ce ta te  was iso la te d  as 
described above # f i e ld  » 0*8 g # I t  had LeO |° e*29*350 ( c $
3*85 I  # 2 ) in  carbon disulphid®*
■ , - /  1
3 ) Bw The Action Of O lacial Acetic Acid On The C a r b i n o l * A fter
heating  a  so lu tion  ©f the  carb ino l ( 2 g ) i n  g la c ia l  a ce tic  acid  
( 20 e*e* ) fo r  4 0  hours o n  th e  steam-bath » i t  was mixed with ether 
( 5 0  c*c* ) i  washed t h r e e  tim es with water and dried  ober calcium 
chloride* A fter evaporating th e  solvent § t h i o a n i s y l p h e n y l c a r h i n y l  
ace ta te  ( 1 * 7 5  g ) d i s t i l l e d  a t 2 £ 1 # 0 / 1 5  mm* as a  colourless o i l  *
U p 1 .5 9 1 2  .  H ie  a c e t a t e  (  0 .4 5 3  g  )  ,  e a  h y d r o l y s i *  w i t h  0 .0 8 5 9 5  N 
a l o o h o l i o  p o t a s h  ,  n e u t r a l i s e d  1 9 , 1  c . c .  (  c a l c .  1 9 , 5  c . c ,  )  ,  F o u n d  ,
I I . * ,  3 7 3  ,  c 16H160g S  r e q u i r e s  M .W , 2 7 2  .
■ 20®"In  a  s im ila r experiment a  so lu tio n  of th e  l-e& rbinol ( 1  g , - 8*6
in  carbon disulphid© ) in  g la c ia l  a ce tic  acid  ( 1 5  c * e .  ) y ielded  »
a f te r  heating  ©n the  steam-bath fo r  35 hours » th e  d l-th ioan iey lpheny l-
carb iny l ace ta te  ( 0*9 g ) *
28
4 ) By The ACtion Of G lacial Acetic Acid On The N eutral Phthalic  
A so lu tio n  of th e  n e u tra l ph tha lic  ©stcr ( 2 g } i a  g lac ia l a ce tic
acid. ( ; I s  e .c ,  h e a ted • #n th e  steam-feath fo r  2 hours-# T hitaaiey l*  §
■ph^nylcarMnyl aeotat®. was iso la te d  ;&s:'<l@gorih®d vabov®» Yield * 1*72 g •
In  a  sim ila r experiment » a  so lu tion  © f,tha (-)-n@utr&I feyd p h th a lic  
e s te r  ( 2 g » [«(] *j0°-23,6® in  carbon disulphid® ) in  g la c ia l  a ce tic
acid  { 15 c*e* ) *  y ielded  th e  dl«thi©anisylph©nylc&rfeinyl a ce ta te  ^
( 1.69 g ; \
ThloanigylPhifflvicarMnvi Benzoate* -• '■ /
■ ■: ; l /  : . , - "■
Ye a eooled so lu tion  o f th e  carb ine! ( 2*3 g ) in  py rid ine  ( 1 c .e ,  ) ,b
W izoyl ch lo ride  ( 1*1 c .c .  ) was added slowly when a white c ry s ta l l in e
so lid  immediately formed * " The mixture » a f te r  heating  on th e  steam-bath
fo r  few minutes to  complete th e  reac tion  » was dissolved in  acetone
( 20 c.c* ) and decomposed with ice -co ld  d ilu te  hydrochloric ac id . The
o ily  deposit s o lid if ie d  ever might* Thioanisylphenylcarbinyl benzoate
C ry sta llised  from e th e r- lig h t petroleum in  nodules ©f sho rt white
a .a d l .s  , fc.P. 59°C . T ield , 3 .3 g I 93 £ . Tousd > C 75.6 ,  H 5.5
C H CLS requ ires 075*45 » H 5#4
: Z\ 18 Z
The hense&te ( 0*50 g ) in  a lcoho lic  potash ( 25 esc* o f 0.08090 N )
a f te r  heating  under re f lu x  fo r  1 hour » n e u tra lised  17*10 c*c* s f  th e
alcoho lic  potash ( calc* i l l  17,13 c .c .  ) . Found M*W* 334.8
0 H - 0 S requ ires  M.W* 334 • ' The n eu tra lised  a lcoholic  so lu tio n  »
ZX 18 2 . ,
a f te r  pouring in to  ice -co ld  w ater>  y ielded  th e  carb ino l ( 0.33 g -  
calc* 0*34 g ) $ M.P.94@C » {^loiie or mixed with an au then tic  specimen*
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Reactions Of Thio ani svlnh envlcarbinvl Hv&rogan .Phthalaia*
: 1 ) 11th 0,3 K Caustic Soda Solution » Preparation Of D j-Thioanisvl- 
: phenylcarb inrl FhthalateC Th# N eutral Fhthalio  Sst®r
& ) A so lu tion  ©f th e  hydrogen p h th a lic  e s te r  ( 5 g ) in  cau stic  soda
( 44*1 c .c . c f  0*3 N J A f t e r  standing a t  re6a. tem perature ( 40 mine* ) $
became tu rb id  with deposition ©f th® n e u tra l e s te r  » the  deposition  of 
d iie h  as a  g lassy  mass was complete i a  3 days • Hi# n e u tra l ©star 9 
a f t  or washing with, water and drying in  vacuo , y ielded  an almost 
co lourless g lassy  mas® ( 3*75 g -  c a lc , 3,9 g ) |  i t  softened a t  4G*C 
and melted completely a t  45°G. E ffo rts  a t  c ry s ta l l is in g  th is  n e u tra l 
"es te r from various solvents and th e i r  m ixtures f a i le d  » and re su lte d  in  
th e  production of an o i l  which on drying produced th e  same g lassy  mass, 
Hi# combined f i l t r a t e  and vaihihgft » a f te r  concentrating » deposited 
co lou rless rhombs of p h th a lic  acid  ( 1*0 g -  calc* 1*1 g ) which 
sublimed a t 195@G ( th e  p h th a lic  anhydride sublim ate melted a t  - 132- 
134@0 ) ,
A s c lu tie a  of th e  n e u tra l e s te r  ( 1*0 g )■ in  a lcoho lic  potash ( 50 e*c*
e f '0,08695 g ')  was heated under re f lu x  fo r  1 hour f the  unreacted
a lk a li  n eu tra lised  9*# c ©f 0*1086 M hydrochloric acid  ( c^lc# 9*2 c*
T h e r e f o r e  I  th e  n eu tra l e s te r  must have n eu tra lised  38,38 c .c , ©f th e
alcoho lic  potash. Found * M.W, 596,4 , . '^ .H  0 S req u ire s  M 590 ,So 30 4 *
" ’ 18®' Q
b ) A so lu tion  ©f (-)-hydrogen ph tha lic  e s te r  ( 3 g » [VJ ■ -27 .
i a  carbon disulphide ) in  caustic  soda ( 27 c .c . of 0,3 N ) > a f te r  
standing a t  room tem perature ( 1 hear ) » became tu rb id  with deposition
@f th e  n e u tr a l . e s te r  $ th  © deposition  of which wag complete in  5 days*
Yi«ld , 2 .1 g ( ca lo . 2.3 g ) ,  M.P. 40-5°0, Faund M.W. 538 
C3.H O S2 rsqu irea  M.W 590 . - I t  had [-c]^0°-£3,6® ( « ,2 .5 0 1  '
.■ 1:> ; 2: )..-.in carbon disulphid®, ;vu;/‘i ■'• 'v ^
, The ( - ) -n e tt tra l  e s te r  { 1 g .» |V )^  *23.6® in  Carbon disu lphide ) was
: added to. a .so lu tion  e f  ©odium- ( 1 g ) in; absolute alcohol ( 40 c .c . ) ,  
A fter ; warming th e  m ixture g en tly ' on : th e  : ste&m-bath ( V SO m ine.' ■): and ' :'i
■ pouring . i t  .in to  'ice -co ld  water » th e  e&rbiuol was deposited as a whit® x "';j 
so lid  ( 0,76 g - ; c a lc , 0,78 g ). » M.P. 85-8^0 $ i t  c ry s ta l lis e d  from 
.carbon disulphid® in  Short.->white, needles <» iC ,P ,.90-lOG • I t  had 
|^ ] 2C@-4 f40 in  carbon disu lphide •
A speciaen .of th® o r ig in a l hydrogen p h th a lic  e s te r  ( : 2 g ,  . jVJg -27 ,0  
in  carbon d isu lp h id # ')  was hydrolysed under sim ilar'..oonditiens « H ie' ■ 
carb ine! obtained ( 1 ,4  g -  c a lc , 1*6 g ) c ry s ta l l is e d  from carbon 
disulphid# in  short needles i M*P* 56-7^0 f i t  h a t  , v -8,6®
in  carbon disu lphid# , •
2 ) With Sodlua w-Toluenegulphinats* '
A so lu tion  of th e  hydrogen ph tha lic  ©star ( 1*9 g ) i a  c au stic  soda j
(1 6 ,8 4  c*e, e f  0*3 ]£ ) was rap id ly  f i l t e r e d  in to  a  so lu tion  of sodium 
j|-i©luen®sulphitt&i® (1 * 0 7  g ) in  .water- ( : 8 ©*c* ) • _;t.After, standing-
a t  room tem perature ( 30 mine,g) * th® c le a r . so lu tio n  beeaz&e tu rb id  with '}
deposition  o f th e  Bulphom  as a fin® whit® powder * th e  deposition  of, 
which was complete in  24. hours » M.F* 165-8®G $ i t  c ry s ta l l is e d  from ""j 
methanol in 'S h o rt c ry s ta l l in e  needles > M,P. 17Z&q # ; 0y
f-telyl^thioaj^syXphenyXearblnylsuXphon# , - 1,65 g • F o u n d  * S 16.9
S l W  g ’requ ires 8 X7.3 % • • ./.’th#' combined f i l t r a t e  and trashing® §
a f te r  acid ify ing  and concentrating to  sm all b u lk ,  deposited p h th a lic  -
acid  ( 0.65 g -  calc* G.8 g )  f . JI.P* fcOO-2d0f,;,..;;V:;>r
In..a s im ila r .eaperimeot § a  so lu tion  of th® (-)~hydr©g$a p h th a lic  -.■.
20® : ©a s te r  ( 0*5 g # £<J^ -17 ,0  in  carhon disulphid® ) i a  0*3 I  caustic , 
soda ( 4 .5  c .c . ) and sodium £-t©lu@n®@uXpMn&t©(0.28 g in  $ c.c# o f 
mi@§ ) deposited th® dl-j|-tclyi»thiignigylph#iiylCarbinylguXph©n©
(  0*25 g ) » M.P* X72@Q t  ©long e r  mixed m th  an authentic , s p e c im e n  
prepared bys th e  e th e r method.
3 ) With Acetyl Chloride* To th© hydrogen p h th a lic  e s te r  ( 1.9 g )
ac e ty l ch lo ride  ( C.73 c .c . ) was .aided » and th e  mixture warmed gently
fo r  % minuies^ Ih® s l ig h tly  yellow o ily  product so lid if ie d  on cooling
\  * . ■
and was ex trac ted  with warm lig h t  petroleum ( 20 c .c .  ) . Xh© residue ' '
consisted  of p h th a lia  suahydrid# ( 0.7 g * c a lc . 0.74 g ) jf $I.F* 12B«
130°G |  i t  c ry s ta ll is e d  from beaten© in  long needles # M.P. 1$0°G »
alone ©r mixed with an au then tic  specimen. S h e  . p e t r o l e u m , . e x t r a c t  •
deposited thioanisylphenyXehiereaiethaae.'f. X#8 g - .  sale* 1.24 g ) *
II.P . 56°G § alone ©r mixed with an authentic  specimen of th e  ch lo rid e .
In  a  s im ila r ©aqperiment (t)-hydrogen p h th a lic  e s te r  { j*J fXO.Q
in  carbcn disulphid® ) sa&  rap id ly  d isso lved  in  meetyl ch lo ride  on
g en tle  warming . Th® product f 'is o la te d a s  described abov® $ y ielded  the
dl-thioanisylph® nylchlorem ethaae » M.P. 5b°C # alone or mixed with
aoih^t,c  «
* n  s p e c im e n #
. #  4 )  Bi smut at ion Of The’Hvdrdgen P hthalic  E ater la  Chloroform,., 1
■ The hydrogen ph tha lic  osi©r,,(,;3t 78. g J .  in  ©hlorcfora: so l*  ( 25 c«e» ) 
so lu tio n  ms^©&t©d under re f lu x # F h th & lic  ac id im m eiia ts ly  ‘began id  
.se p a ra te  , # and. a f te r , 5 hours > th© p h th a lic  acid  ( 0a55 g -  M.P# 202*C) 
W8 r©moved by f i l t e r in g  # and th e  f i l t r a t e  mixed with e ther (1 0 0  c .c )  
and shaken with d ilu te  ammonia# From th e  a lk a lin e  ex trac t $ a f te r  
a c id if ic a tio n  » :ttnreaoted.hydrogen p h th a lie  e s te r  ( 1.5 g -  M.P# 122* 
123®0} wms recovered# The e th e rea l eo lu tica  » a f te r  drying ever 
oalciuva chloride and evaporation , y ie lded  th e  n e u tra l p h th a lic  e s te r  
( 1*5 g ) «  This n e u tra l e s te r  ( 0.652 g ) ca hydrolysis with a lcoholic  
potash ( 0*08696 K )  # n e u tra lise d  31.8 c .c . ( calc* 32»0©.c* }• Found»
M.W# 594 « C_ J i  Q S requ ires M.W. 590 v  Thus.* d ispu ta tion  o f th e
■; :3©'; 3 '0 4 > ■■
hydrogen ph tha lic  e s te r  sis occurred under these  conditions upto 60 ^  *
S ) Acid Hydrolysis Of The Hydrogen Phthalic  E s te r . : ~
a ) To th e  hydrogen p h th a lic  e s te r  ( 0*5 g ) dissolved i a  acetone 
( 10 c .c .  ) and water ( 4 c .c . ) th ree  drops of concentrated sulphuric  
acid  were added. The c le a r  so lu tion  » a f te r s ta n d in g  overnight a t  roc® 
tem perature § deposited an o i l  » which was then dissolved in  e ther 
( 30 a ,e . } and ex tracted  with d ilu te  ammonia so lu tio n  . The a lk a lin e  
ex trac t $ a f te r  a c id if ic a tio n  > yielded unreacted hydrogen p h th a lic  
e s te r  ( 0.14 g » M.P. 12l«*20G ) . The e th erea l so lu tion  » a f te r  
drying * concentrating and adding l ig h t  petroleum $ deposited th e  . 
carb ino l ( 0*2 g ) in  needles i Mi?. 94°C » alone ©r mixed with an 
au then tic  specimen* "
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h ) Dilut® sulphuric acid  ( 0.5 c .c . ©f ©one* acid  in  4 c .c .  &f m te r  ) 
m s  added to  a so lu tion  of th® (-)-hydrog®n p h th a lic  ©ster ( l  g ,
in  carbon'disulphid® ) in  acetone ( 15. c .c .  ) * and heated ■ 
u n d e r’r e f  lux fo r  3 hours*-To th®-cold c lear, so lu tion  ;®th©r.( ,.40 " j
m s  added » and th® wh©I® shaltf ©a with dllut®  'amonia solution* ;; .
a lk a lin e  ex trac t * a f te r  ac id ify ing  » y ielded  m  uareacted hydrogen i
p h th a lic  ect®&#, Th® e th erea l ''ex tract » a f te r  drying ©her. calcium chloride# ■ -j
concentrating to  small hulk # and a d d in g 'l i ^ t  p©trol®um-# | deposited ftn® 
dl^carbinol-, ( G.5S g ) in  silky .need les i.M*P. 04®C* . 5
c ) A so lu tion  of the  (-)^hydrogen p h th a lic  e s te r  ( 1 g > Jk] -3O.50 ■'!
in  c&rhoa disulphid®' ) in  acetone |  15 ©*e* ) and d i lu te  sulphuric acid  
( 0.5 c.c* ©f cone., acid in  4 c .c .  of water ) > a f te r  standing a t  room 
tem perature fo r  2. days in  a closed v esse l * m s  mixed with an equal volume •
e f  e ther * washed with water and then shaken with d i lu te  ammonia#
The alkalin® ex trac t » a f te r  a c id if ic a tio n  , y ielded  unchanged hydrogen 
p h th a lic  e s te r  ( 0.75 g ) ,  M.P. 96-7°C |  i t  had {V)“  - 2 4 , 8® ( e ,1.513 
1 » 2 ) in  carhon disulphid®* Th® e th erea l ex trac t y ielded  th® 
d l-ca rb in e l ( 0.1 g ) * M.P. 94° * alone ©f mixed .with an authentic® '' ; 
specim en.' "  ■' /  ; .
d ) Ih® (-)*n® utral ph thalic  ©star ( 2 g # [* J^ ~ 2 3 * 6 ° in  carbon 
disulphid® ) in  acetone -d i lu te  oulphric acid  so lu tion  , a f te r  h ea tin g  ' 
under re f lu x  fo r 2 hours # yielded&h . th#  d l« ea rM n o l.( 1.3 g ) # M.P.94®C.
S i
6 ) Reaction With "G lacial Acetic Aicd«‘.- - - :-
6 ) ■; A so lu tion  of the  hydrogen p h th a lic  e s te r  { 5 g } l a  ''g lac ia l1 a ce tic  
. acid ( 40 c .c . ) was heated at: 100e0 for'X bour^ '//T h*;. cold clear', so lu tion  
: m e asile i with ether ( 100 c .e . ) » washed.three 'times with water » once
with d i lu te  :a m o r l a ' and f in a l ly  with wator and d r ie d o v e r  calcium *1,1" 
ch lo ride* ;'. A fter evaporating the  ' ether , th ioan isy lphenylcarh iny l ace ta te  
{ .3*2' g d i s t i l l e d  a t 21S**6®c/li 'asm* as a co lourless o i l  $ : 
a®°° 1,5912 ,  : "■■■■' . . ■
   ■
L i  A so lu tion  of (f)-hydrogea p h th a lic  e s te r  ( 2 g » ^10*0°
in  carbon dlsu lphide } in  g la c ia l  a c e tic  acid  ( 20 c .c . ) v a i heated
a t  100°C fo r  SO minutes* Th# th ioanisy lphenylcarh iny l a c e ta te  ( 1*3 g )
produced d i s t i l l e d  a t  216®C/14 ma* and wag o p tic a lly  inactive*
§ ) A s o lu tiin  o f the  (-)^hydrogen p h th a lic  e s te r  ( X g > £«] -30.6® |
in  carbon di sulphide ) in  g la c ia l  a ce tic  acid  ( 20 c .c . ) * a f te r  standing J; 
a t  room tem perature fo r  1 hour *; was mixed w ith : e ther ( 4 0  c.c* } §' washed 
tw ice with water and then shaken with dilut®  ammonia*
• ■ . i l l
The a lk a lin e  ex trac t » a f te r ' a c id ifica tio n : » y ielded the  uassae hydrogen ;if 
p h th a lic  e s te r  ( 0*45 g * M.P* 95*6®Q ) J i t  had M  ^  -21*83® ( e* 4*346 || 
1' * 2$ in ' carbon disulphid®* ; The ;«thereal ex trac t yielded' th io a n isy l-  :||
phonylearbinyl ace ta te  ( 0*36 g ) » B.P* 216®/ 14 mm * was again o p tic a lly  
•. inactive*  ■. H
7 ) Reaction H th  Absolut® l ih y l  Alcohol* J 
bJL A fter heating  under re flu x  a  so lu tion  of th® hydrogen p h th a lic  e s te r  ;t
15
( 4 g ) Isa absolute alcohol ( 70 c .c .  ) fo r  1 hour $ i t . was mixed with' 
tw ice i t  a volume of other » wash @d tw ice with water * and then shaken ' 
with d ilu te  am onia so lu tion , Th® alkalis.® ex trac t * on a c id if ic a tio n  * 
-yielded unreacted hydrogen;ph thalic ' e s te r  0.6 g ;} > M.P. X23~4@C .*
Th® e therea l ex trac t * a f te r  washing with water * drying ever anhydrous : 
potassium carbonate.* and evaporating th e  solvent * y ielded  on d i s t i l l a t i m  
thio&nisylph©nylcerbinyl e thy l ether ( £.1 g ) > B.P* 212°G/ 20 mm. $ 
d ^  1.0gl}|j n*v 1*5910* Found> G 74*21 , H 7.31 , 0 H^OS
requ ires Q 74*41 » B 7*01 % \
b ) A so lu tion  of th e  (-)-hydrogea p h th a lic  e s te r  ( 4 g * [*<] ^  «*3G*6° 
in  carbon disulphid® ) in  absolute alcohol { 70 c .e .  ) was heated under 
re flu x  fo r  45 minutes j and then/worked up as described above. Th© 
a lk a lin e  ex trac t > a f te r  decomposition with d i lu te  hydrochloric acid  > 
y ielded  th e  hydrogen ph thalic  e s te r  ( 1 .4  g ) .  X thad  f « j f ‘ 5% 2,41®
( e * 2*615 1 > 2 ) in  carbon disulphid®. The e th e rea l ex trac t
yielded  on d i s t i l l a t io n  a t  2C6-8°G/15iam* th ioan isy lphenylcarb iny l ©thyl 
e ther ( 1*7 g ) vfotbh was o p tic a lly  inactive*
2qO
C ) A so lu tion  of the  ( -J -n e u tra l  p h th a lic  ®ster ( 2 g * »23*6®
in  carbon d i sulphide ) in  absolute  alcohol ( 20 c .c . ) a f te r  heating  under 
re f lu x  fo r  4 hours * was mixed with e ther ( 50 c .c . ) and washed th ree  
tim es with water* The dry ether©al ex trac t y ielded  on d i s t i l l a t io n  
d l-th ioan isy lpheny lcarb iny l e thy l e ther ( X « 5 g }.
8 ) Reaction 11th Concentrated Sulphuric..,.Acid*.
a ) Hydrogen p h th a lic  e s te r  ( 1 g ) was t r i tu r a te d  with cone, sulphuric
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acid  ( 4 c .c .  ) and. warmed. gently  fo r  few minutes u n t i l  a l l '  th© ©stei 
went in to  so lu tion  $  which developed a deep red colour* This m s  poured 
in to  ice -co ld  water * and th® whit® so lid  produced c ry s ta llis e d  from" 
met hano 1- &c ®io a e so lu tion  in  needles # yieldingghe carb ino l { 0*4 g ) #
iu p * ?3K4#c . >  V
b ), (+)«Hydrog®n ph tha lic  ©star ( 0o6 g » flQ.O0 in  carbon.,',
disulphid® ) was t r i tu r a te d  with cone© sulphuric  acid  ( 2  c .c .  ) a t  0°C «
■ 3h# deep . red so lu tion  on pouring in to  ice -co ld  water * y ielded th® 
d l-ca rb in o l as a s l ig h tly  yellow so lid  * which c ry s ta llis e d  from e ther- 
l ig h t  petroleum in  needles * M.P. 93~4®G . f ie ld  > 0*25 g #
© J . In  a s im ila r experiment © the  (-)~n@ utral ph tha lic  e s te r  ( 1 g t 
J*]* -23*6 in  carbon disulphid® } ia  cone, sulphuric acid  so lu tion  on 
d ilu tio n  with ice -co ld  water , yi©died the  d l-ca rb in o l { t o i l  0*51 g ) * v |
M.P. 93-4°C. I
9 1 filth Potassium Fhthalimide. J
A so lu tio n  o f th e  hydrogen p h th a lic  e s te r  ( 1  g ) in  cau stic  soda so lu tio n  
( 9 c .c . of 0.3 M ) was rap id ly  f i l t e r e d  in to  a so lu tion  o f .potassiun  
phthalim ide ( 0 . 5  g ) in  water ( 1 5  c .c . ) .  The c le a r  so lu tion  a f te r  
standing a t  room tem perature fo r  1 hour became tu rb id  , depositing  th e  jj
n eu tra l p h th a lic  e s te r  ( 0,78 g ) , th e  deposition  of # iich  was complete '1 
in  4 days. Potassium phthalim ide was recovered unchanged from th e  f i l t r a t e *  j
3?
Preparation - Of Thl carii Bvlph any I  Chlorcme tb. a n e * .
1 ) ,,Bv..Th$_Action Of Concentrated Hydrochloric Acid On Th# Carbinol*
carbine 1 ( 2 g ) m »  t r i tu r a te d  with cono* hydrochloric acid  ( 40 c.c* ) 
when i t  slowly changed in to  a  greenish-w hite semi-solid* The reac tio n  m s  
completed by warming on th© steam-b&th fo r few minutes* JKie o ily  product a 
so lid if ie d  a f te r  standing a t  room tem perature overnight > was f i l t e r e d  » 
washed with cone, hydrochloric acid  and d ried  in  r&cus Over potassium 
hydroxide* Th© chloride ( 2 g M.P, S4*5°C )■cryst& llieed  from l ig h t  
petroleum and little -:: ether -in  needles » M.P* 5$@C* ■ Found » Cl 13,5
C i .  SGI req u ires  01 14,2 f> ,
. . A3 n
A so lu tion  of th© chloride  ( 0*5 g ) in  alcoholic  potash ( 25 c*c« of
0,08695 N ) was heated under re flu x  fo r 1 h o u r* .I t 'n e u tra lis e d  23,00 c ,c ,  of
th e  alcoholic  potash { ca lc . 23.1 c.c* ) .  Found » M .l, 253 * G„ H_„5G1. 14 13
req u ire s  M.W. 248,5 . The n eu tra lised  a lcoholic  .so lu tion  was poured in to  
cold water , and the  tu rb id  so lu tion  was ex tracted  with e ther > washed with 
water* and d ried  over calcium chloride * A fter evaporating th® solvent »
th ioan isy lpheny lcartiny l ethy l ether { 0.42 g -  calc* 0.51 g  ) ^d istilled
c .. ..... ^ ■
a t £120G/2O mm. | d y °  » Kp 1.5910 , I t  d id not so lid ify  a f te r
keeping in  the  ice-box fo r  severa l days*
20®’ q
In  a' s im ila r1 experiment » th e  (- ) -c a rb in o l ( 0.9 g * -10 ,0  in
carbon disulphid© } was t r i t u r a t e d  with conc. hydrochloric acid . Th® 
ch lo ride  * iso la te d  as described, above , ( 0*9 g ) melted a t 56°C » alone
o r  mixed with an au thentic  specimen of the  chloride | . i t . was o p tic a lly  
in a c tiv e  , ^
S . ) By Hi® Action Of Thionvi Chloride QnTfa® Carbinol* ■ ::
To « cooled so lu tion  o f th® carbinol (1 * 1 5  g ) ih 'pyrid in®  ( 0*5 c .c .  ) /.• •(
th lo n y l ohlorid® (p®*7 c.c* } was added dropwiss |  th© vigorous reac tio n  
produced m  orange coloured ou l. ' Th® mixture » a f te r  warming1 ©n'.the / ; :v7;'v 
sieam-bath fo r  few minute® , was ex tracted  with hot l ig h t  petroleum .
Th® ch lo ride  ( 1 g .j} c ry s ta l l is e d  ia 'a lm o st co lou rless, needle© M.P*5b0C» \ 
a l ia s  ©r mixed with an au then tic  specimen* V::'■ :;.l\
3 ) By Th© Action Of Concentrated Hydrochloric Acid On Th© Hvdregea ... 
Phthalic  -Ester*
The hydrogen p h th a lic  e s te r  ( 1*9 g ) was t r i tu r a te d  with cone# hydrochloric 
acid  { 2 0  o .e , ) -  l i t t l e  o r no reaction  took p lace  a t room temperature*
A fter warming. tk»  mk ( 5 mine* ) th e  mixture on th e  steaia-bath , an o i l  . j 
was produced * This s o lid if ie d  ever n i p t  # and was d ried  in  vaeu© ■/, ever " J 
sodium hydroxide* Hien extracted with warn l ig h t  petroleum ( 20 c.c* ) $ 
i t  l e f t  a  residue of p h th a lic  acid  ( 0*8 g — calc* 0*83 g •— M.P* 200®C )*
The petroleum ex trac t > a f te r  concentrating and adding few drops of e ther » 
deposited th e  ch loride  ( 1.10 g * ca lc . 1*24 g } in  c ry s ta llin e  needles >
M.P, 6x 56®C»
la  a  s im ila r experiment , th e  ( t)-hydi'ogen ph tha lic  e s ts r  ( 2 g >
i |  Q  ^  Q
t « a "  + I0 i°  - in-carbon disulphid® ) was t r i tu r a te d  with hot cone* 
hydrochloric acid ( 10 c.c* ) * th e  o ily  product changed © verni^it in to  
a greenish-w hite so lid . Ihen th is  - was worked up as described, above » i t  
y ielded  p h th a lic  a k H  ( 0*7 g ) and th® d l-ch lo rid e  ( 1 .1  g ) # M.P. 56°C $ 
alone o r mixed with an au then tic  specimen*
4 ) By The Action Of Acetvl Chloride On 1%® Carbinol. - | Jj
The carb in c i ( 1 ' g }" dissolved slowly in  cold a c e ty l1 eh le rid © '( ' 1  c.c* )' % , j
more rap id ly  on s lig h t warming. % forming a green ieh-eh iie  o il#  ,. This was 
dried  JLn vacuo ' over sodium, hydroxide ,, and then ex tracted  with list l ig h t  , 
petroleum (',20: c .c .  )* A fte r .cone©atr&ting the'petroleum ' e x trac t end adding j 
few drops ©f ether % th© chloride ( 1  g } c ry s ta llise d , in; short needles > ; ' (jj I 
M .F ./5d0C#' ;7 7 '-! 7 . 'j;l!
.la e  s im ila r ' experiment § . when' a ce ty l ch loride  { ' 1  c.c# ) was added t© th e  ijjl 
( - ) -c a rb in o l ( lg  , *4 ^4 ® ia  carbon disulphid© ) , th e  l a t t e r  ' |jl
immediately reacted  forming a yellow solution* . Th©'chlori&t ( 1 g $ M.F.5S6) ; T
iso la te d  as described above , was o p tic a lly  inactive*
5 V By The Action Of Concentrated Hydrochloric 'Acid On Thioanisylphenvl* j 
c&rbimrl Acetate* ;]
Th© acetate ( 0*67 g ) was triturated with cone* hydrochloric acid ( 20 c .c )  fj; 
when a white so lid  was formed overnight * This , after f i lte r in g  $ washing ' |
with ©one* hydrochloric acid * and drying in  vacuo over g©dium hydroxide » | . !
yielded th© chloride ( 0*8 g ) which separated from ligh t petroleum and' |r 
l i t t l e  ether in  needles ,  M*P# 56°C * • |
In a sim ilar experiment', (-)-tM©anisylph®nylcarbinyl acetate ( 1 g jj
-29*350 Via carbon disulphid© ) a f te r  t r i tu ra t io n 'w ith  cone* * {;;
0  j j :
hydrochloric, acid ( 1 5  c.c* ) , y ielded  th© ch leride  ( 0.9 g .) » M.P* 55®G, jj
i t  was o p tic a lly  , inactive*
6 V By The Action Of Cone* Hydrochloric Acid On ih iean isv lphenv lcarb inv l J
■ i j i
f th v l  Ether* :jj
■ . *0':
A fter t r i tu r a t in g  th e  e th y l ether. ( 0,9 g ) with e©ac* >ydrochl@ric aeid 
{ 15 c .c ,  ) and keeping i t  in  th® ice-box fo r  2 day® * th® re s u lta n t 
ch loride  so lid if ie d  » M.P* 55-55.5°C* I t  separated from lig h t  petroleum 
in  needles V M.P. 56°C. Yield # 0 .8 2  g *
• V ■ .’V - - ■ : . ■;■ '■ it
7 ) 3r The Action Of Concentrated Hydrochloric Acid On The Heutral t:!
F hthalic  5,‘s t a r . 1 jl
The o i l  produced by t r i tu r a t in g  the  n e u tra l phthaH e e s te r  ( 1 g } with 
cone, hydrochloric acid ( 15 c .c . ) so lid if ie d  overnight. This » worked up 
in  th e  usual manner * produced.phthalic"aeid  ( 0.15 g « M.P. 201°C ) ,  and lj
t h .  c lilo rid . ( 0.5 g ) ,  M.P. 55aC. "  ;;j
2& a s im ila r experiment $ w arn th e  (*)-n® utral p h th a lic  esieB ( Q*8 g 9
20®; ■ ■ • ' :^ B  -23.6® in  carbon d igu fp iid s ) was t r i tu r a te d  with conc* hydrochloric
acid  » i t  y ielded  th e  d l-ch lo rid e  ( 0.35' g ) § M.P* 56°C * alone or mixed |j
with an au then tic  specimen. '■ • - '  |
\ ;l:i
Reactions Of Thloanisylphenvl Chloromethane. . |
1 ) M th Sodium p-T olaenesuIphlnate.• I» | |  ■■ » » i -ir t i n > n r * n lm i w u j <»» i . » w m |p.* « ^ w >i-< .,» w  **■*<*  mu > wm u « i m »h‘h ^ w »  ■      I t
: 1
To th© chloride  ( 1*25 g ) in  acetone ( 20. c .c . - ) & s lig h t' excess of sodium J
■ , ■ ’ -f
£-toluen©sulphinat© ( 1.15 g ) in  water ( 7 c .c . ) mis added • ■ The - :j;
homogeneous mixture almost 'immediately; d e p o s i te d th e  sulphen® as a  white J
c ry s ta l l in e  so lid  % th e  deposition of which was complete in  20 minutes* %
Yield of |£-toly1-thioandsyIpheny1carbinyIsulphone » 1.56 g » M.P. 168 -  |
17 0®  ^ J i t  separated fro  sot alcohol ( 150 c .c . } in  long s ilk y  needles *. ; | j
M.P. 172°C. ■ 1
2 ) 11th  Potaogium Hvdrogan Phthala te .
To th© ch loride  ( 0.63 g ) so lu tion  in  me©ton© ( 10 c .c . ) potassium 
hydrogen phth&laie (0 * 6  g ) so lu tion  in  water ( 5 c.c* ) was added . Th® 
c le a r  so lu tio n .d ep o s ited  ;a  ye llo w  o i l  overnight* This was ex tracted  with 
..ether > washed with with water and then shaken with d ilu te  ammonia solution* 
The a lk a lin e  ex trac t » on decomposition with ice -co ld  d ilu te  hydrochloric 
acid  > deposited thioanisylphenylc& rbiuyl hydrogen .phthalate ( 0*45 g ) »
. M.P. 123-4°C $ alone ©r mixed with an au thentic  specimen ©f the  hydrogen 
: p h th a lic  ester* Th® remaining e therea l ex trac t a f te r  washing with water » 
.drying over calcium chloride and adding l ig h t  petroleum ,  deposited the  
carbinol ( 0,18 g ) , M.P. 94eC *
3 ) With  Sodium Bensoate*
To th e  chloride ( 0*6 g ) d issolved in  acetone ( 15 c .c . ) » sedium 
hen so a te  ( 0*8 g ) so lu tion  in  water ( 6 ©*c* ) was added* A fter standing 
a t room tem perature overnight $ an o i l  deposited which s e t  to  a sem i-solid  
©a drying* I t s  so lu tion  in  e th e r- lig h t petroleum deposited th ioanisy lph  enyl- 
earb inyl bensoate ( 0*4 g ) in  c lu s te rs  ©f head.spherical needles » M.F. 59®C 
alone or mixed with an au thentic  specimen ©f the  bensoate.
4 ) H th  Aqueous Acetone *
To th e  chloride { 0*21 g ) so lu tion  in  acetone ( 10 c .c ,  ) » water was 
added dropwis© u n t i l  ju s t  tu rb id  , few drops of acetone were added to  reader | 
'.. th e 's o lu tio n  clear* This immediately, became acid to  Congo red » and when 
l e f t  overnight a t room tem perature i a  an ©pen vesse l > deposited co lourless
; , 42.
c ry s ta ls 'o f  t h e .carbinol ( 0,2 g ) , M.P. 90-l°C ? i t ' separated from e ther- 
l ig h t  petroleum  in  n eed les * M.P. 94®G > alon® ©r mixed id th  an au then tic  
'specimen ©f the  e&rhinol. ■
5 ) With D ilute Caustic Soda.
To the  ch loride  ( 0 . 5  g ) so lu tion  in  aeeten® ( 10 c .c .  ) « caustic  soda
so lu tion  ( 1 c .c . of .3 N 5 added :/Y and a f te r  standing overnight a t  r m  
room tem perature in  an ©pen vesse l > deposited th e  carh ino l in  masses of 
c ry s ta l l in e  needles ( 0.4? g ) » M.P. 92*30C. I t  separated from e ther- 
l ig h t  petroleum in  needles » M.P. 94&Q $ alone ©r mixed id,th an au thentic  
specimen ©f th e  carh ino l.
6 ) IIth'Absolut® sth v l Alcohol.
A Solution of th e  chloride ( % g ) in  ahsolute  alcohol £ 20 c .c . ) was hsa id  
heated under re f lu x  fo r  2|- hours • a f te r  evaporating th® solvent »
thi& anisyipnenyIcarfcinyl e thy l e ther { 1.88 g ) d i s t i l l e d  a t  212°G/2G mm.
" • „nP' 1 • '-C
as a  co lourless o i l  $ 1*5910 •
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.Oxidation. Of ThloanfavlPhenvl Carbinol, ;
T© a so lu tion  ©f the  carb ine! ( 1 .0  g ) in  g la c ia l  a ce tic  acid  
( 20 c .c .  ) hydrogen peroxide ( 3#3 c .c .  of »90«wXs. * ) was added , M m 
and : the  .resu ltan t c lea r so lu tion  » a f te r  standing fo r  2 days » was made 
salk& iiae ,f; wlien a c ry s ta llin e  so lid  separated ,1 1 .P. 122~3°G , g-M ethyl-'
sulphonylbenzhydrol separates from hot water » or methanol > or methylene
chloride  in  g lis te n in g  p la te s  » M.P* 125-125,5°C Y Yield Y 1*0 g ,
.Found r  ,.f Cs 63 ,9d ; ,  ^ > f v! H : 5,50 , 'S' 12,17 C^H^O^S
; require*  „ ,C . _64*12 . t H ' 5,34 . . » . 3, 12,23 %• ' -
■ Reduction Of p-MethylsulbhPnylbsngophenons*-.--'
1 ) f i t l i  Aluminium iaopropoxide,  A mixture of dry isopropyl alcohol 
( 30 c .c .  ) § aluminium ( 0,5 g ) and a tra c e  of mercuri® chloride was 
heated ( 3 hours ) under re flu x  and l e f t  overnight a t  room tem perature.
To i t  £-methylsulphonylh@nsophenone ( 4 ,0  g ) was added » and th© mixture 
was heated gently  fo r  2 hours u n t i l  acetone ceased to  be evolved , The 
isopropyl alcohol was d i s t i l l e d  off , and th© residue » a f te r  heating  on 
th© steam-b&th fo r  few minutes with d ilu te  sulphuric acid  $ y ielded  
j^methylsuiphonylbenzhydroi as a' white so lid  ih ich  separated from ethanol- 
o r methylene chloride in  shiny p la te s  ( 3,7 g ) § M.P. 125~125*5°C » alone 
o r mixed with an au then tic  .specimen*
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..Acid. : 2ine dust { 1 .0  g ).was. added to: ' - 
so lu tion  of g^ethylsulphonylbenzophenone( 1*0 g ) in  g la c ia l  a c e tic  . 
ac id  ( 20 c .c .  ) * and th® mixture heated on the  eteasHbath fo r  Bx 8 hours* 
A fter removing th e  uar ©acted sine » th e  f i l t r a t e  on d ilu tio n  mi th-w ater 
■ deposited an, o i ly  product % '/wfoleh a f te r  heating  with cau stic^ fo r few 
minutes > f i t  te  a  ge lid  mass on cooling * I t s  c ry s ta l l is a t io n  from ■ 
methylene ch lo ride  y ie ld e d '. ^-sethylsulphonylbensliydrol ( 0*6 g ) 9 shi&y 
; p la te s  ■ * M.P* 1 2 5 - 1 2 5 * -
3 ) ..,¥ith.„_Sodium AmaXzssl And E thyl A lcohol.' - A fter ©lowly adding, so dims : 
amalgam ( 4 g .e f  sodium in  80 g -o f mercury ) to  a  so lu tion  of th e  ketone’’
( . 4 g ) i a  . e thy l alcohol. ( 150 c*c* ©f 98 % ) > th® m ixture was heated 
under re flux , fo r  2 hours and then f i lte re d *  On d ilu tin g  the  f i l t r a t e  
with cold water $ a  white so lid  $ f r e e  from; sulphur > separa ted  » M.P* 63- 
64®C. A fter .two c ry s ta l l i s a t io n s ’from w ther^light petroleum * benzhydrol ..■' 
separated  as long s ilk y  needles » M.P* 6o-7°G $ alone o r mixaxd: mixed with 
an au then tic  specimen * Y ield * 1*7 g *
' T h e  benzhydrol * o b t a i n e d  as d e sc rib ed 'above » was converted ~ : 
in to  i t s  hydrogen p h th a lic  e s te r  by heating  a  m ixture o f th© carb ino l 
( 1«3 g ) f p h th a lic  a n h y d r i d e '(  1*04 g } and py rid ine  ( 0*5 c.c* } on th e  
steam-bath ( 2 hours ) % and i$im  th e  re s u lta n t c le a r  so lu tio n  was . 
decomposed-with cold d ilu te  hydrochloric a c id  9 - an o i l  separated which ' 
rap id ly  se t  to  a  white solid* This separated from methylene chloride* ; 
’ l i g r o i n  s o l u t i o n  ,  y i ^ i M l  yielding, short s ilk y  needles of b e n z h y d r y l  
hydrogen phthalat®. { 2*0 g ) $ M*P.; 157*gPc ( B alfe 9 B ounty  9 Kenyon . 
a n d - P o p l e t t  * J.G.S* , 1942 9 811 9 .give th e  M.P* of benshydryl 
hydrogen phthalat® as 157-*S°C )* , ’ . . . . .
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On t i t r a t i n g  th is  hydrogm  ph thalie--.se t.sr( 0*219 g ) m th  0.06196*N - 
cau stic  '-potash * . i t  n e u tra lise d  8.04 c .c .  ( c a lc . 8.05 c.c* ) .  Found M.W.
■ 3 3 2 * 3 ’C ^ ^ 60^-.::'reijairo*M.W .332- . -VV:,--  —
4_)...lrith._ginc' Dust '* Gang t i e  Soda And Alcohol. : ' 2ine' dust ( 5 g ) a n d .
cau s tic  soda { 5 g } ware added to  a 's o lu i ie n  o f th e  ketone' { 1 .0  g ) in
•ethyl a lcoho l’ (/’BO- c .c .  o f 96 % ) |  - a f t e r  " s t a n d i n g  - o v e r n i g h t  a t  room : ■. j
. t e m p e r a t u r e  $ t h e  s o l i d 'p r o d u c t ' - w a s  r s m o r a d  by f i l t e r in g  .  On d ilu tio n  o f : . ' |
th e  f i l t r a t e  m th  cold f a t  or >:a # i i t o  so lid  > f re e fro m  sulphur y  "j
$ .>\e-tUles ; j
- s e p a r a t e d ' 9" M .P *  '6&»3.' 0 .  I t  c ry s ta ll is e d  from l i g h t : p e t r o l e u m ' i n  colourless^  ' j 
{ 0 . 4  g j . ' f  M.P. 6 6 » T ° 0  f  alone o r  mixed v ith  an au then tic  s p e e i a e n 'o f  '■■■.' 
benshydrol* . . . .
t&n shr d rr  1 ' HTd.ro gen
- , . ' ' j ^ o t h y l s u l p h o n y b e n s h y d r o l  (  .2 * 0  ;g. ) . - s a s . - a d d e d . t o  a . s o l u t i o n  o f  ...-
phth&lie a n h y d r i d e  { 1*13 g ) in  py rid ine  ( 1 c .c .  ) J and a f t e r . h e a t i n g  - /
. ( 2 hours ) ©a . . . th e . s t e a m ^ b a t h  a ix  a n d  s t a n d i n g  a t  room tem perature
- . - O T e r n i g h t ' t h e  r e s u l t a n t . h o m o g e n e o u s s o l u t i o n . « a s _ d i l u t e d  s i t h  an equal. : j
volume of alcohol and decomposed id th  ice -co ld  d i lu te  hydrochloric ac id  » * A ’ |
• ishen a ' . v h i t e . s o l i d  s e p a r a t e d * - '-  This’ a f te r  IT  drying i n ' vacuo y  c ry s ta l l is e d
from methylene c h lo r id e - lig ro ia  I n  # i i te 's l i in y :p la te s  » 'M.P. 1C3-4°C« j
Yield, o f  ' i ^ e t h y l s u l p h o n y l b e n s h y d r y l  h y d r o g e n ' 'p h t h a l a t e  # 2.9 g * . ]
Ca t i t r a t i o n  of th e  hydrogen'phthalio". e s t e r . 0.432 g ) n&th 0.0925 H- '■ ;i
..- Caustic s o d a . ''y i t  n e u t r a l i s e d  11*2 c.c* ( c a lc . 11.4 c .c .  ) V  Found M.W* : ■
415 f C H; OS req u ire s  M.¥. 410 * ■ - V
■ ■ 22 -18 6 ■ • * 1
Th© hydrogen p h th a lie  e s te r  mixed'-mth a lk a lin e  so lu tio n s o f so d im  ,j
' £ - t o l u e n e s u l p h i n a t e '  a t  room tem perature or a t  100°0 "yielded no tra c e  c f  ' ’ j
1
th e  ..corresponding £ -to ly lsu lphcn©,
Of !Bxioi6gigvlphea'ylearbinvl Hvdroean'Fhthal&i
>mog@neotts so lu tion  < 
phthmlat® ( 2#0 g } and hydrog<
g la c ia l  a©©tic ac id  ( .2 0  ©,©, ) » a f t e r  standing a t room tem perature for.
. 2 days 9 - was poured in to  ice-
£*^®thyjsulph©nyl'b@nshydryl hydro gen. p h th a la te  separated* ; C ry s ta llisa tio n
fro® mothylon© c h lo r id t^ lig ro ia  y ielded  shiny p la te s  » .M*P* 103*4@C ,  M . 
ti©14 f 1 .5  g # y.<
( 0*5 g ) in  eau stie  soda- ( 4 c.c*. o f  0 ,3 'M ) a f te r -s ta n d in g 'in  a  closed ■ _ ij
T easel fo r  2 moAihs. a t  room, tem perature remained c le a r ,  . The hydrogen '.II
p h th a lie  ©star was recovered-unchanged.on ac id ify ing  th i s  so lu tio n , ■ |
2 ) A 100eQ» A so lu tion  o f th e  hydrogen p h th a lie  e s te r  ( 1 ,0  g ) in  j
cau stic  soda ( 10 c ,c , o f »3 |  ) .when heated on th e  .st.easrisiath * deposited |
th e  carh ino l slowly, A fter 1 hour » th e  deposited £-m©thylsulphonyl- ;*
henshydrol had 12,P, 120-2eC $ i t  separated from methanol in  g lis te n in g
© ■ ^p la te s  9 M,P, 125,5 C, Y ield # 0,3 g ,  'The mother liq u o r i  ©a- .ecid ify ing  ;S
y ielded  unchanged hydrogen p h th a lie  e s te r  ( 0 ,4  g ) ,
A so lu tion  fef th e  hydrogen p h th a lie  ©star
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; ■ sh® (-J-th iea iiigy lp lieny iearb iay l hydrogenphthaiate used fo r  th is
and th@ had e [ ^ | f  °~22*b° : .in carbon disuXphids -
and ^16#30® in  methylene chloride*; ; It® H ydrolysis with absolu te
alcohol and sodium 6thexide'.yielded (•)-thio& nisylphenylcarbino 'l m th  '
■ fcO ~ in  carbon d isulphide > and f"0 in  methylene
; chloride#-V -/
To a- so lu tion  ©I -the. ( - ) -thioanisylph@ nyIcarbinyl hydrogen '
phth&lat# (; txM 3«Q |  ) in  g la c ia l  ac@ tic: acid  ( 30. c»c#v) p hydrogen . 
peroxide ( 1 0  c.c* o f * 90-vols* * ')..«&* added# The c le a r  so lu tion  * ;: 
a f te r  standing a t  ro o m .te m p e ra tu re fo r  3 days * ©a d ilu tin g  m th  c o ld - 
, water y ielded  j^asthylsu lphcnylhsnshydryl hydrogen phth s la te  as a  semi-* 
so lid  p # iieh  separated fro® methylene ch lo ri& e-lig ro in  in  p la te s  $
11 #P« 106-8@G |  i t  had 436*6® in  methylene chloride# Y ield » 2*9 g#
On t i t r a t i o n  with standard a lk a l i  * found M.W# 416 » G ^ H  J )  S requ ires; 66 18 0
■ M.W. 41G#
• Hydrolysis o f i l k  pHSIethylsulbhonylbenghvdrvl Hydrogen F h tha la te* ' - ,
1 ) with ChB II Cauatic Soda * A '.soluticn. o f th e  ( f  )~hydrcgeii p h th a lie  • 
e s te r  ( 1 .5  g » W q S° +36*8 . in  methylene ch lo ride  ) in  cau stic  soda .
{ 10 c.c# of 0.3 N ) 9 a f te r  kae heating  fo r  30 m inutes■ ©n th e  steam-*
• bath |  was d ilu te d  with water > then  £-methylsulphoaylb@nghyirol . separated 
m . a  whit® so lid  $ M.P. 138-141°G $ i t  separated from methylene ch lo ride  .
.in  p la te s  $ M.P* 146-?°C |  i t  hud . ( f O 444*8° ... in  methylene ch lo rid e .■ • s
Y ield 9 0*21 g# ■■., .Hie mother liq u o r on a c id ify in g  yielded, unchanged
IB® a.hydrogen p h th a lie  e s te r  ( 1*0 g ) with 4 3 6 * i n . methylene chloride*
2 ) I l t h  Absolut a Ethyl H a o h o l  And Sodium E ikoxidei The ( f»)-hydrogen 
ph th a lie  m%Br ( 1 ,0  g ’ [*3^?° ^36^6° in  methylene ch lo ride  } m s,, 
'dissolved l a  a s o lu t io n /©£ sodium ( 1*0 g ) in  absolute- e thy l alcohol 
( 35 cue* ) } and a fte r . h eating  und#r re f lu x  fo r  1 hour ana d ilu tin g , with 
cold water C+)-£^m©thylsulphonyl^emfhydrol was,deposited* Tk separated 
'fro& methylene- ch lo ride  .in shiny p la te s  ( 09$ g ) * M*F* 14d-7°G ■ with- .
•"■ methylene .chloride* . h : - h
I l i l i l l M a E - M J L d h i y ^ l t i P ^  7: ■
haag&g&£g L jL J * ^  X atteg '.lnto.!ltfl.^ydgo.genj^1^sliQ_Sstei;^
in  methylene e h lo r id t ) in  g la e ia l  a c e tic  a c id  ( 75 c*c* ) hydrogen 
peroxide ( 15 c«et o f *96*vols# * ) was added, *'-The homogeneous so lu tion  > 
a f te r  standing a t  room tem perature fo r  6 days » was poured in to , excess f& . 
©f cold d i lu te  cau stic  soda * iham ( t)~£“!a@thylsulphQnyIbenzhydrol . 
separated as q  # iit®  so lid  * ..vhioh. separated from methylene ch lo rid e  in  . 
gliit@rn.ng p l a t i s  » M*P* 146-7°G , HS®!0 in  m ethylene'chloride* ■
Y ield » • 5*0 g *
A so lu tion  Of th e  (^ -j^e ihy lsttlphony ibcashydroX  ( 1*5 g »
1 19®
: W j )  t45®l° in  methylene- ch lo ride  } and p h t h a l i e ' - a n h y d r i d e  C 0#84r g ) ...
in  pyrid ine  ( ’ 1 ©•©* } a f te r  heating  fo r  Z hours ©a t h e  s t e w a - b a t h  and 
.standing 'o v e r n i g h t  a t.  room t e m p e r a t u r e '*  m a s  .m ix e d  with an equal, velum® . ■
o f  a lcohol and poured in to  ic e -c o ld  d i lu te  hydrochloric  acid  » sfcm  
{ + ) * p ^ e t h y l s u l p h o n y l b e n j d i y d r y l  h y d r o g e n  ph tha la te  separated  as a  semi- 
so lid  t which ■ separated from methylene ch lo ride  -  l ig ro ia  in  p la te s  »
M*P. 105-7ftC > • r*03,S°’t3 ^°  in  methylene chloride* Y ield > 2*1 g *
.D
